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ABSTRACT 


Three  experiments  were  designed  to  study  the  effects  of  dietary  pro 
tein  level  and  protein  (amino  acid)  balance  on  growth  response  and  car¬ 
cass  quality  in  market  pigs  from  5  weeks  of  age  to  slaughter  (90  kg). 
Diets  containing  selected  levels  of  protein  were  fed  in  starting,  grow¬ 
ing  and  finishing  periods,  in  combinations  of  20,  16  or  13  %  dietary 
protein  or  13  l  protein  supplemented  with  0.1  %  L-lysine  HC1  or  0.2  %  DL 
methionine  and  0.1  %  L-lysine  HC1 .  Other  factors  considered  were  sex, 
and  in  Experiment  II,  breed.  Metabolism  trials  were  also  conducted  in 
Experiment  II  to  assess  the  effects  of  dietary  protein  level  and  bal¬ 
ance  on  nitrogen  digestibility  and  retention  and  digestible  and  metabol¬ 
izable  energy.  Experiments  I  and  II  were  conducted  at  The  University 
of  Alberta  Edmonton  Research  Station,  while  Experiment  III  was  conducted 
at  the  Agricultural  and  Vocational  College,  Olds,  Alberta. 

Dietary  protein  level  did  not  have  a  consistent  influence  on  feed 
intake,  gain  and  feed  conversion  efficiency  in  the  three  experiments. 
Feed  intake  and  gain  were  generally  depressed  on  low  protein  diets  with 
less  effect  as  the  pigs  became  heavier.  Pigs  fed  low  protein  diets 
throughout  exhibited  the  most  efficient  feed  conversion  in  later  periods 
of  growth.  The  reverse  was  true  for  pigs  fed  higher  levels  of  protein. 
Supplements  of  lysine  or  methionine  and  lysine  improved  feed  intake  but 
did  not  increase  it  to  a  level  equal  to  that  of  pigs  fed  higher  levels 
of  protein,  especially  in  the  starting  period.  Gain  and  efficiency  of 
feed  conversion  were  improved  an  equivalent  amount  by  lysine  and  meth¬ 
ionine  or  lysine  supplements. 

There  were  few  significant  differences  related  to  nitrogen  digest- 
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ibility  and  retention  or  to  digestible  or  metabolizable  energy.  On  a 
daily  basis,  more  nitrogen  was  retained  in  pigs  fed  high  protein  diets. 

Slaughter  age  was  increased  for  pigs  fed  low  protein  sequence 
diets  in  Experiments  I  and  II  but  not  in  Experiment  III.  Slaughter  age 
was  decreased  an  equivalent  amount  by  supplements  of  methionine  and 
lysine  or  lysine  alone.  Carcass  weight,  dressing  %,  total  backfat, 
ham/carcass  {%) ,  lean  in  ham  face  (%) ,  lean  area  ham/ham  weight,  ROP 
ratings  and  grade  index  were  generally  not  affected  by  treatment.  In 
Experiment  I,  loin  area  was  not  affected  by  treatment  but  in  Experiment 
II,  loin  area  was  reduced  for  pigs  fed  low  protein  diets  and  was  improved 
equally  well  by  supplementation  with  methionine  and  lysine  or  lysine 
alone. 

Barrows  generally  ate  more,  gained  faster  and  were  less  efficient 
in  feed  conversion  that  gilts,  except  in  the  starting  period  where  gilts 
ate  and  gained  at  a  level  at  least  equal  to  barrows.  Gilts  had  consistently 
superior  carcasses  when  compared  with  barrows. 

Hampshire  x  Yorkshire  pigs  tended  to  have  higher  quality  carcasses 
but  reached  slaughter  weight  later  than  Landrace  x  Yorkshire  pigs. 
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INTRODUCTION 

An  adequate  level  of  high  quality  protein  is  frequently  the  most 
limiting  portion  of  a  mixed  swine  ration  because  cereal  grains,  the 
base  of  most  swine  rations,  contain  inadequate  levels  and  balance  of 
protein  required  for  optimal  growth  and  mai ntenance .  Until  recently, 
improved  level  and  balance  of  dietary  protein  was  hopefully  achieved  by 
the  addition  of  relatively  expensive  protein  supplements  such  as  fish 
(herring)  meal,  soybean  meal,  or  meat  meal  and  more  recently,  rapeseed 
meal.  There  has  also  been  some  attempt  to  improve  protein  (amino  acid) 
balance  by  the  addition  of  purified  amino  acids  such  as  lysine  or  meth¬ 
ionine  which  may  be  limiting  in  the  diet.  Until  recently,  however,  the 
cost  of  production  of  these  purified  amino  acids  has  discouraged  their 
routine  addition  to  swine  diets.  Reduced  production  costs  have  resulted 
in  the  addition  of  limiting  amino  acids  to  swine  diets  in  an  effort  to 
improve  amino  acid  balance,  and  hence  reduce  required  levels  of  dietary 
protein  to  obtain  optimal  growth  response  and  high  quality  carcasses. 
However,  indiscriminate  use  of  these  amino  acid  supplements  at  excessive 
levels  may  induce  an  amino  acid  imbalance,  with  a  consequent  reduction 
in  feed  intake  and  rate  of  gain. 

Experiments  were  initiated  to  study  the  effects  of  protein  level  and 
balance  (as  affected  by  DL-methionine  and/or  L-lysine  HC1  supplementation) 
on  feed  intake,  rate  of  gain  and  feed  conversion  efficiency  in  market 
pigs  at  various  periods  of  growth.  The  effects  of  protein  level  and 
sequence  and  amino  acid  balance  on  carcass  quality  were  also  studied. 
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LITERATURE  REVIEW 

Amino  Acid  Requirements  of  Growing  Pigs 

The  concept  of  essential  amino  acid  requirements  and  the  influence 
of  these  amino  acids  when  supplemented  to  diets  have  been  known  for  some 
time.  For  example,  Osborne  and  Mendel  (1914)  observed  that  certain  pro¬ 
teins  that  caused  nutritive  failure  in  rats  could  be  corrected  with  the 
addition  of  lysine  and  tryptophan.  However,  quantitative  amino  acid  re¬ 
quirements  for  swine  were  not  determined  until  much  later.  Mertz,  Shelton 
and  Beeson  (1949)  demonstrated  that  lysine  was  an  essential  amino  acid  in 
weanling  pig  diets.  Bell  et  al  (1950)  recognized  methionine  as  another 
essential  amino  acid  for  the  growth  of  young  swine.  Since  then,  espec¬ 
ially  in  the  early  1950's,  the  quantitative  requirements  of  many  of  the 
essential  amino  acids  for  the  young  pig  have  been  determined,  for  ex¬ 
ample:  tryptophan  (Shelton,  Beeson  and  Mertz,  1951);  isoleucine  (Brinegar 
et  al ,  1950a);  threonine  (Sewell  et  al ,  1952);  valine  (Jackson,  Mertz 
and  Beeson,  1953);  phenylalanine  (Mertz,  Henson  and  Beeson,  1954); 
leucine  (Eggert  et  al,  1954);  and  histidine  (Rechcigl  et  al,  1956). 

Since  these  initial  studies,  research  in  the  field  of  amino  acid 
nutrition  has  evolved  through  determination  of  requirements  at  different 
periods  of  growth,  interactions  between  amino  acids,  cal ori erprotein 
ratios  and  calorie  rami  no  acid  ratios  to  promote  maximum  growth  rate,  and 
to  produce  lean  carcasses.  More  recently,  interest  has  centered  on  the 
routine  addition  of  "synthetic"  limiting  amino  acids  to  swine  rations  to 
improve  protein  quality. 

It  is  recognized  that  protein,  and  more  specifically,  amino  acid 
requirements  per  unit  of  feed  decrease  progressi  vely  as  pigs  grow  older 
and  heavier.  However,  for  practical  application,  diets  are  usually  form- 
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ulated  for  three  stages  of  growth  in  the  market  pig:  starting  period 
(starter  -  weaning  to  approximately  25  kg);  growing  period  (grower  - 
25  kg  to  approximately  50  kg);  and  finishing  period  (finisher  -  from 
50  kg  to  market). 

The  marked  effect  of  the  addition  of  2.0  %  L-lysine  H Cl  to  a  23.5  % 
protein  ration  containing  0.02  °/  L-lysine  to  growing  pigs  (Mertz,  Shelton 
and  Beeson,  1949),  was  the  forerunner  of  more  accurate  determinations  of 
lysine  requirements  at  various  stages  of  growth.  Brinegar  et  al  (1950b) 
concluded  that  the  lysine  needs  of  weanling  pigs  fed  diets  containing 
10.6  i  and  22.0  %  protein  diets  were  0.6  %  and  1.2  %  (5.7  %  and  5.5  %  of 
the  protein  content,  respectively).  Germann,  Mertz  and  Beeson  (1958), 
in  revaluating  the  L-lysine  requirement  of  the  weanling  pig,  found  it 
to  be  0.70  %  of  a  15.0  %  crude  protein  (dry  matter  basis)  ration  (4.7  % 
of  crude  protein  or  5.0  %  of  digestible  protein  on  a  dry  matter  basis). 
McWard  et  al  (1959)  devised  a  formula  for  lysine  requirements  of  weanling 
swine  based  on  dietary  protein  level: 

Y  =  7.23  -  0.131X  where  Y  =  lysine  requirement  as  a 

percentage  of  dietary 
protei  n 

X  =  percentage  of  dietary 
orotei n 

Mitchell  et  al  (1965a)  determined  the  lysine  requirement  of  5  kg 
swine  to  be  1.2  %  of  the  diet  (5.5  %  of  protein  in  a  diet  containing 
3344  kcal  metabolizable  energy (ME)/kg  and  0.36  -  0.41  %  of  the  diet 
(3.3  %  of  dietary  protein  on  a  12.0  %  protein  ration  containing  3219 
kcal  ME/kg)  for  50  kg  pigs. 

The  National  Academy  of  Sciences  (1968)  sets  the  lysine  requirement 
of  the  pig  based  on  three  weight  ranges:  5  -  10  kg  (1.20  %  lysine  in  a 
22  %  protein  ration);  20  -  35  kg  (0.70  %  lysine  in  a  16  %  protein  ration); 
and  thereafter  at  0.50  %  lysine  in  a  14  %  protein  ration,  with  protein 


' 


■ 

■ 


■ 


4 


content  based  on  cereal  grains  in  all  cases. 

It  would  appear  that  the  lysine  requirement  of  growing  swine  may  be 
expressed  as  a  percentage  of  total  dietary  protein  and  as  such  may  be  set 
at  3.5  -  5.5  °l  of  the  total  dietary  protein,  depending  on  the  caloric 
density  of  the  diet,  and  age  and  weight  of  the  pigs,  with  higher  levels 
of  lysine  required  during  the  earlier  growth  periods.  There  appears  to 
be  an  absolute  minimum  of  0.70  %  lysine  at  later  periods  of  growth  with 
lower  levels  resulting  in  reduced  growth  rate. 

Studies  of  the  methionine  requirements  of  young  swine  have  also  been 
clarified  since  the  determination  by  Bell  et  al  (1950)  who  found  the  re¬ 
quirement  to  be  0.07  -  0.27  %  of  a  diet  containing  10.0  %  protein.  How¬ 
ever,  many  of  these  studies  have  been  related  to  the  cystine  sparing 
effect  on  methionine  requirements.  Curtin  et  al  (1952),  using  a  22  °l 
protein  ration  based  on  soybean  protein,  glucose  and  starch,  concluded 
that  the  methionine-cystine  requirement  was  approximately  0.7  %  (3.2  % 
of  the  protein  in  the  ration).  Kroening,  Pond  and  Loos  1 i  (1965)  found 
the  methionine-cystine  requirement  of  the  2.7  week  old  pig  to  be  0.5  %  in 
a  12.0  %  protein  ration;  0.6  l  in  an  13  %  protein  ration;  and  0.7  l  in 
a  25  %  protein  ration  when  choline  and  threonine  were  not  limiting. 

Becker  et  al  (1955)  reported  that  a  level  of  0.25  %  methionine  and  0.17  % 
cystine  (3.33  %  of  dietary  protein)  resulted  in  satisfactory  gains  in  13 
kg  pigs.  Supplementary  levels  of  0.3  -  0.4  °l  DL-methi oni ne  inhibited 
growth.  Becker  et  al  (  1955)  also  stated  that  cystine  can  meet  40  l  of 
the  need  for  sulphur  amino  acids.  Baker  et  al  (1969a)  observed  similar 
gains  in  the  young  pig  when  56  -  66  %  of  the  sulphur  amino  acids  were 
from  cystine  instead  of  methionine.  Above  this  level,  cystine  caused 
an  imbalance  in  the  diet.  Mitchell  et  al  (1968a)  concluded  that  in  10  kg 
pigs,  cystine  can  replace  70  %  of  the  need  of  the  total  sulphur  contain- 
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ing  amino  acids. 

The  National  Academy  of  Sciences  (1968)  sets  the  methionine  re¬ 
quirement  of  swine  by  weight  ranges:  5  -  10  kg  (0.80  %  in  a  22  I  pro¬ 
tein  ration);  20  -  35  kg  (0.50  %  in  a  16  %  protein  ration);  and  lists 
no  requirement  thereafter  but  states  that  cystine  can  satisfy  40  %  of 
the  need  for  methionine. 

The  overall  requirement  of  methionine  for  growing  swine  appears  to 
range  from  0.60  %  to  0.70  %  of  the  diet  with  cystine  meeting  up  to  70  % 
of  the  requirement. 

Energy,  Protein,  and  Amino  Acid  Relationships  in  Pig  Diets 

Since  dietary  requirements  are  usually  expressed  per  unit  of  feed, 
energy  and  protein  requirements  are  also  usually  expressed  this  way. 

This  has  resulted  in  the  development  of  calorie  -  protein  (C/P)  ratios; 
and  more  recently,  calorie  -  amino  acid  ratios,  usually  with  lysine  being 
considered  as  the  first  limiting  essential  amino  acid. 

Abernathy  and  Sewell  (1958)  observed  a  highly  significant  depression 
in  rate  of  gain  when  L-lysine  HCL  was  added  at  a  level  of  .1  %  to  a  14  % 
or  18  %  protein  diet;  but  the  effect  of  this  depression  was  reduced  as 
the  caloric  density  of  the  diet  increased  (by  the  addition  of  5  or  10  % 
stabilized  tallow).  Increased  caloric  density  of  the  ration  also  resulted 
in  increased  gains  and  improved  feed  conversion. 

A  study  conducted  by  Clawson  et  al  (  1962)  also  related  the  effects  of 
the  addition  of  5  or  10  %  added  fat  (stabilized  yellow  grease)  when  diets 
containing  graded  levels  of  10  -  18  %  protein  with  a  constant  ratio  of 
amino  acids  were  fed  to  growing  swine.  Feed  consumption  was  determined 
mainly  by  the  energy  level  and  not  protein  level  and  was  reduced  (P<.05) 
with  added  levels  of  fat.  Growth  rate,  especially  during  the  first  28 
days  was  influenced  (P<.05)  by  the  C/P  ratio;  with  the  narrowest  ratio 
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(26  kcal  digestible  energy  (DE)/g  protein  in  the  mixed  ration)  pro¬ 
ducing  the  fastest  gains  but  this  difference  was  not  significant  by 
slaughter  weight  (approximately  98  kg). 

Similar  experiments  were  conducted  by  Greeley  et  al  (1964).  In 
a  first  experiment,  growing  pigs  were  fed  diets  for  two  week  intervals 
containing  0,  5,  10  or  15  %  stabilized  lard,  tallow  or  crude  corn  oil. 

Daily  intake  of  dry  matter  was  not  depressed  by  addition  of  the  fat. 

No  mention  is  made  of  a  C/P  ratio  but  the  effects  are  inferred  indirectly. 
Apparent  digestibility  increased  wi th  increased  protein  level,  and  apparent 
digestibility  of  energy  was  increased  with  increased  level  of  dietary 
protein.  Increased  levels  of  dietary  tallow  resulted  in  highly  sig¬ 
nificant  increases  in  daily  consumption  of  DE  and  gain  per  unit  of  di¬ 
gestible  protein  consumed,  but  a  significant  decrease  in  efficiency  of 
conversion  of  DE  to  gain. 

Wagner  et  al  (1963)  also  studied  protein  -  energy  relationships  with 
growing  swine.  Diets  containing  25,  19,  or  13  %  protein  were  fed  at  two 
energy  levels:  2880  or  3610  kcal  ME/kg  (Diggs  et  al ,  1959).  Decreasing 
protein  level  to  1 3  %  increased  rate  of  gain  but  reduced  feed  efficiency; 
with  the  25  %  protein  ration  being  most  efficient.  Increasing  energy 
level  improved  efficiency  of  feed  conversion  and  increased  gain.  In 
general,  feed  conversion  was  improved  by  increasing  either  the  energy 
level  or  the  protein  level  in  the  diet. 

A  calorie  -  protein  ratio  is  suggested  by  Robinson,  Morgan  and 
Lewis  (1964a).  Diets  were  offered  in  combinations  of  approximately 
3260,  3150,  2860  or  2650  kcal  DE/kg  and  20,  18,  16  or  14  %  protein. 

Daily  weight  gain  and  feed  conversion  was  found  to  be  superior  when  diets 
contained  18  %  crude  protein  at  3300,  3080  or  2640  kcal  DE/kg  and  20  % 
crude  protein  in  a  diet  with  2860  kcal  DE/kg. 
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There  are  also  indications  that  requirements  may  be  expressed  as 
energy/unit  lysine.  Mitchell  et  al  (1965b)  fed  a  corn  -  sesame  diet  set 
at  16.0  %  dietary  protein  containing  varying  ME  levels  of  2926,  3267, 
or  3718  kcal/kg  and  .54,  .64,  .74,  .94,  or  1.14  %  lysine.  Mitchell  et  al 
(1965b)  concluded  that  for  maximum  rate  of  gain  and  feed  efficiency  in 
the  16  -  22  kg  pig,  the  lysine  requirement  in  the  diet  was  .23  %/ 1000 
kcal  ME;  and  for  the  13  kg  pig,  the  requirement  was  .80  and  .90  t  for 
diets  containing  2926  and  3718  kcal  ME/kg  respectively  for  maximum  feed 
efficiency.  These  requirements  are  similar  to  those  determined  by  McWard 
et  al  (1959). 

Anderson  and  Bowland  (1967)  concluded  that  a  calorieilysine  ratio  of 
4000:1  kcal  DE/kg/%  lysine  was  adequate  for  maximum  efficiency  of  feed 
utilization  but  that  a  ratio  of  at  least  3500:1  was  needed  for  maximum 
gain.  This  is  roughly  equivalent  to  values  quoted  by  Robinson  and  Lewis 
(1964)  and  McWard  et  al  (1959). 

Protein  Level  and  Amino  A ci d  Bal ance 

Feed  Intake 

Protein  level,  or  more  correctly,  amino  acid  level  and  balance  has 
been  shown  to  influence  feed  intake. 

A  very  extensive  study  between  protein  level,  amino  acid  balance,  and 
energy  relationships  in  pigs  was  conducted  by  Clawson  (1967).  Pigs  fed  a 
high  protein  diet  consumed  more  ( P< .05)  ME  than  those  on  low  protein  diets. 
Pigs  fed  supplementary  fat  at  10  or  20  percent  consumed  less  ( P < .0 1 )  than 
pigs  on  a  similar  diet  containing  no  supplementary  fat.  Pigs  fed  low 
protein  diets  did  not  compensate  for  low  protein  intake  by  consuming  feed 
in  excess  of  energy  requi  rements .  Protein  level  and  caloric  density  af¬ 
fected  daily  feed  independently  and  in  opposite  directions.  Less  feed/gain 
was  required  when  the  higher  level  protein  was  fed.  Daily  caloric  intake 
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was  greatly  depressed  by  increasing  caloric  density  when  protein  level 
was  inadequate  and  was  even  more  depressed  when  the  diet  contained  an 
amino  acid  imbalance.  Daily  feed  intake  was  not  significantly  influenced 
by  protein  level  as  long  as  amino  acid  balance  was  adequate.  Depression 
of  caloric  intake  resulting  from  increased  caloric  density  was  not  evi¬ 
dent  when  low  protein  diets  containing  high  quality  protein  were  fed. 

This  suggested  that  the  adequacy  of  essential  amino  acids  in  the  diet 
may  have  more  influence  on  daily  intake  than  level  of  protein  per  se . 

A  depression  in  feed  intake  has  been  observed  for  chicks  (Shapiro 
and  Fisher,  1962;  Fisher  et  al ,  1960),  rats  (Leung,  Rogers  and  Harper, 
1968;  Rogers,  Tannous  and  Harper,  1967;  and  Harper,  1959)  and  pigs 
(Devilat,  Pond  and  Miller,  1970;  Baker  et  al ,  1969b;  and  Becker  et  al , 
1955)  fed  amino  acid  imbalanced  diets.  There  have  been  several  suggest¬ 
ions  as  to  how  this  depression  occurs.  Nasset,  Ridley  and  Schenk  (1967) 
suggested  that  a  reduction  in  food  intake  in  rats  fed  imbalanced  amino 
acid  diets  was  due  to  the  changes  in  the  blood  amino  acid  pattern  which 
alters  the  excitability  of  the  ventro-medi al  hypothalamus  controlling 
satiety. 

Ellison  and  King  (1968)  tested  the  hypothesis  that  reduced  food 
intake  following  ingestion  of  an  amino  acid  mixture  was  a  consequence 
of  abnormally  low  tissue  concentration  of  free  limiting  amino  acids  in 
rats.  A  depression  in  concentration  of  the  limiting  amino  acid  balance 
in  amino  acid  deficient  diets  occurred  3-5  hours  after  ingestion;  and  a 
reduced  appetite  occurred  20  hours  later.  When  placed  back  on  a  corrected 
diet,  there  was  a  lag  of  18  -  20  hours  between  correction  of  tissue  levels 
and  improved  appetite.  It  was  suggested  that  tissue  levels  of  limiting 
amino  acids  do  not  affect  appetite  directly,  but  rather  appetite  depress¬ 
ion  is  related  to  some  consequence  of  these  tissue  concentrations. 
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Peng  and  Harper  (  1970)  related  the  effect  of  dietary  amino  acid  pat¬ 
terns  to  plasma  amino  acid  concentrations  in  rats.  They  concluded  that 
elevated  concentration  of  plasma  amino  acids  that  cannot  be  channelled  in¬ 
to  protein  synthesis  may  serve  as  a  satiety  signal  for  a  food  regulating 
mechanism,  causing  reduced  food  intake.  Diets  containing  essential  amino 
acids  were  found  to  suppress  intake  more  than  non-essential  amino  acid 
based  diets  since  enzymatic  activity  was  slower  for  degradation  of  these 
essential  amino  acids.  Increased  capacity  for  amino  acid  degradation  in 
rats  over  time  enabled  them  to  consume  more  of  the  imbalanced  diets  before 
the  stimulus  initiating  intake  depression  was  activated. 

It  has  been  shown  that  rats  (Rogers,  Tannous  and  Harper,  1967)  and 
pigs  (Devil  at,  Pond  and  Miller,  1970)  prefer  a  protein  -  free  diet  to  an 
amino  acid  imbalanced  diet.  This  could  be  because  of  the  effect  of  im¬ 
balanced  amino  acid  diets  on  a  satiety  centre  (Peng  and  Harper,  1970;  Nasset, 
Ridley  and  Schenk,  1967). 

Rate  of  Gain  and  Feed  Conversion 

Feed  conversion,  and  especially  average  daily  gain  (ADG) ,  appear  to 
be  affected  by  dietary  protein  level  and  balance. 

Increased  dietary  protein  level  has  been  shown  to  increase  ADG 
(Dent  et  al ,  1970;  Wyllie  et  al ,  1969;  Davey  and  Morgan,  1969;  Young  et 
al ,  1968;  Jurgens  et  al ,  1967;  Seerley,  Poley  and  Washlstrom,  1964; 

Seymour  et  al ,  1964;  Bowl  and  and  Berg,  1959)  have  no  effect  on  ADG  (Meade 
et  al ,  1969a;  Meade  et  al ,  1969b;  Blair  et  al ,  1969;  Meade,  Dukelow  and 
Grant,  1966;  Reimer  and  Meade,  1964;  Robinson,  Morgan  and  Lewis,  1964b) 
or  cause  a  decline  in  ADG  (Wagner  et  al ,  1963). 

Similar  variable  findings  of  the  effects  of  amino  acid  supplements 
on  ADG  have  been  determined.  Improved  ADG  with  supplemental  lysine  has 
occurred  (Dent  et  al ,  1970;  Washlstrom,  Taylor  and  Seerley,  1970;  Nielson 
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et  al ,  1963;  Cah illy  et  al  ,  1963;  Clawson,  Barrick  and  Smart,  1963; 
Bowland,  1962)  and  has  also  had  no  effect  (Stockland,  Meade  and  Nordstrom, 
1971;  Gallo  and  Pond,  1968;  Jurgens  et  al  ,  1967;  Meade,  Dukelow  and  Grant, 
1966).  Simultaneous  lysine  and  methionine  supplementation  has  been  shown 
to  improve  ADG  (Baker  et  al ,  1969a;  Bayley  and  Summers,  1968;  Meade  et  al, 
1965).  Diets  supplemented  with  tryptophan  as  well  as  lysine  and  methion¬ 
ine  have  shown  a  similar  effect  (Kornegay,  Mosanghini  and  Snee,  1970). 
However,  no  improvement  in  ADG  with  lysine  and  methionine  supplementation 
has  also  been  observed  (Stockland,  Meade  and  Nordstrom,  1971;  Meade,  Duke¬ 
low  and  Grant,  1966) . 

It  is  generally  accepted  that  increased  dietary  protein  levels  im¬ 
prove  feed  conversion  efficiency  (Wyllie  et  al ,  1969;  Bell  and  Voldeng, 
1968;  Young  et  al ,  1968;  Jurgens  et  al ,  1967;  Hale  and  Southwell,  1967; 
Wagner  et  al ,  1963;  Bowland  and  Berg,  1959).  However,  increased  dietary 
protein  level  has  also  had  no  effect  on  feed  conversion  efficiency  (Meade 
et  al ,  1969b;  Meade,  Dukelow  and  Grant,  1966  ;  Reimer  and  Meade,  1964). 

As  in  ADG,  amino  acid  supplements  have  had  variable  effect  on  feed 
conversion  efficiency.  Feed  conversion  has  been  improved  with  supple¬ 
mental  lysine  (Wahlstrom,  Taylor  and  Seerley,  1970  ;  Nielson  et  al ,  1963; 
Cah i  1  ly  et  al,  1963;  Vipperman  et  al ,  1963)  or  had  no  effect  (Stockland, 
Meade  and  Nordstrom,  1971;  Gallo  and  Pond,  1968;  Jurgens  et  al ,  1967; 
Meade,  Dukelow  and  Grant,  1966),  Simultaneous  lysine  and  methionine 
supplementation  has  been  generally  beneficial  in  improvement  of  feed  con¬ 
version  efficiency  (Baker  et  al ,  1969a;  Bayley  and  Summers,  1968;  Meade 
et  al ,  1965),  but  has  also  been  shown  to  have  no  effect  on  feed  conver¬ 
sion  efficiency  (Stockland,  Meade  and  Nordstrom,  1971;  Meade,  Dukelow 
and  Grant,  1966) . 

Increased  dietary  protein  levels  generally  increase  ADG,  but  may  de- 
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crease  or  have  no  effect  on  ADG.  The  difference  in  results  between  ex¬ 
periments  may  be  associated  with  the  absolute  levels  of  protein  in  the 
basal  diets  prior  to  supplementation,  or  to  overall  amino  acid  balance 
in  the  basal  diets.  Supplemental  methionine  and/or  lysine  may  improve 
ADG  or  have  no  effect;  depending  on  dietary  protein  level  and  age  of  the 
pigs.  Feed  conversion  efficiency  is  similarly  affected.  Generally, 
simultaneous  lysine  and  methionine  supplementation  does  not  improve 
ADG  and  feed  conversion  above  that  of  the  addition  of  lysine  alone. 

Carcass  Characters ti cs 

Dietary  protein  level  and  balance  or  sequence  has  a  profound  effect 
on  quality  in  hog  carcasses,  as  determined  by  various  criteria. 

Both  positive  and  negative  effects  have  been  observed  on  backfat 
thickness  as  influenced  by  dietary  protein.  Increased  dietary  protein 
level  has  been  found  to  reduce  backfat  thickness  (Hale  and  Southwell, 
1967;  Greer  et  al ,  1965;  Seerley,  Poley  and  Wahlstrom,  1964;  Seymour  et 
al ,  1964;  Wagner  et  al ,  1963).  No  effects  on  backfat  thickness  by  in¬ 
creased  dietary  protein  level  have  been  found  by  Jurgens  et  al  (1967), 
or  Clawson  et  al  (1962).  Carcass  backfat  was  found  to  increase  with 
supplementary  lysine  by  Cahilly  et  al  (1963)  but  not  to  be  altered  by 
Meade,  Dukelow  and  Grant  (1966). 

Similar  conclusions  have  been  made  on  loin  eye  muscle  area  (loin 
area).  Increased  dietary  protein  levels  have  been  shown  to  increase 
loin  area  (Bell  and  Voldeng,  1968;  Hale  and  Southwell,  1967;  Seerley, 
Poley  and  Wahlstrom,  1964)  or  have  no  effect  on  loin  area  (Meade,  Duke¬ 
low  and  Grant,  1966;  Clawson  et  al ,  1962).  Increased  loin  area  with 
supplemental  lysine  has  been  found  by  Cahilly  et  al  (1963),  Vipperman 
et  al  (1963),  Clawson,  Barrick  and  Smart  (1963)  but  no  change  in  loin 
area  was  observed  by  Gallo  and  Pond  (1968). 
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Dressing  percentage  and  carcass  leanness  have  been  shown  to  be  var¬ 
iably  affected  by  dietary  protein  levels.  Dressing  percentage  does  not 
appear  to  be  greatly  affected  by  dietary  protein  level  (Meade  et  al ,  1969a 
Meade  et  al ,  1969b,  Jurgens  et  al ,  1967)  but  has  been  shown  to  be  affect¬ 
ed  by  dietary  protein  level  by  Wagner  et  al  (1963).  A  reduced  dressing 
percentage  with  increased  lysine  levels  has  been  shown  by  Jurgens  et  al 
(1967).  Increasing  dietary  protein  level  generally  increases  carcass 
leanness  (Waldern,  1964;  Nielson  et  al ,  1963;  Wagner  et  al,  1963;  Bow- 
land  and  Berg,  1959)  but  has  been  shown  to  have  no  effect  by  Meade, 

Dukelow  and  Grant  (1966).  Increased  carcass  leanness  with  supplemental 
lysine  has  been  shown  by  Nielson  et  al  (1963)  but  no  effect  was  observed 
by  Meade,  Dukelow  and  Grant  (1966), 

Gilts  are  generally  considered  as  producing  higher  quality  car¬ 
casses  (Skitsko  and  Bowland,  1 9 70 as,  Robinson  and  Lewis,  1964)  with  less 
backfat  (Friend  and  MacIntyre,  1970;  Wagner  et  al ,  1963;  Bowland  and 
Berg,  1959)  and  greater  total  leanness  (Cahilly  et  al ,  1963;  Nielson  et 
al ,  1963;  Wagner  et  al ,  1963;  Bowland  and  Berg,  1959)  than  carcasses 
from  contemporary  castrate  males  (barrows).  Gilts  have  also  been  shown 
to  have  longer  carcasses  than  barrows  (Hale  and  Southwell,  1967;  Rob¬ 
inson  and  Lewis,  1964;  Bruner  and  Swiger,  1968)  but  this  is  not  con¬ 
sidered  to  reflect  the  value  of  the  carcass  (Pearson  et  al ,  1970). 

Increased  dietary  protein  level  or  balance  normally  improves  carcass 
quality,  with  less  effect  being  observed  at  higher  dietary  protein  levels. 
Females  are  recognized  as  having  the  ability  to  produce  higher  quality 
carcasses  in  comparison  with  barrows  under  a  given  dietary  protein  regimen 
Influence  of  Breed  or  Type  of  Pig 

Breed  or  type  of  pig  has  also  been  shown  to  exert  an  effect  on  growth 
response  and  carcass  quality  of  pigs  fed  varying  levels  of  protein. 
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McConnell,  Barth  and  Griffin  (1971)  selected  lean  or  fat  -  type 
feeder  pigs  to  compare  influences  of  dietary  protein  level  on  growth 
response  and  carcass  quality.  From  weaning  to  57  kg  liveweight,  pigs 
were  fed  a  high  protein  (18  25)  or  low  protein  (14  %)  growing  ration.  At 
this  weight,  they  were  put  on  a  finishing  ration  of  high  protein  (16  %) 
or  low  protein  (14  %)  level.  It  was  concluded  that  to  41  kg,  lean  or 
fat  -  type  hogs  require  a  similar  level  of  dietary  protein.  Lean  -  type 
hogs  had  an  increased  need  for  protein  past  this  weight  in  comparison 
with  fat  -  type  hogs,  as  evidenced  by  the  fact  that  increasing  protein 
levels  improved  carcass  quality  in  lean  -  type  hogs  only.  They  also 
concluded  that  the  protein  intake  of  lean  -  type  hogs  should  be  constant 
from  41  to  70  kg  and  then  decline,  whereas  for  fat  -  type  hogs,  protein 
level  should  gradually  decline  at  weights  past  41  kg. 

Davey  and  Morgan  (1969)  slaughtered  pigs  at  different  ages  to  compare 
the  effects  of  dietary  protein  level  on  lean  or  fat  -  type  pigs.  Protein 
level  was  set  at  20  %  or  12  %  and  pigs  were  slaughtered  at  84,  112,  154, 
168,  210  or  224  days  of  age.  Pigs  fed  the  20  %  protein  diet  gained  fast¬ 
er  ( P< .0 1 )  to  140  days  of  age  than  those  on  the  12  %  protein  diet  but  at 
196  days  of  age  gains  were  no  longer  significantly  different  but  a  similar 
trend  was  observed.  There  were  no  significant  differences  in  gain  between 
types  of  pigs.  On  a  weight  basis,  the  amount  of  lean  in  fat  -  type  hogs 
and  lean  -  type  hogs  at  the  12  %  dietary  protein  level  was  essentially  the 
same,  while  the  weight  of  lean  on  lean  -  type  pigs  at  20  %  dietary  pro¬ 
tein  level  was  consistently  greater  than  that  of  the  fat  -  type  pigs.  This 
suggested  to  Davey  and  Morgan  (1969)  that  a  difference  exists  among  the 
lines  of  swine  in  their  need  for  dietary  protein  and  their  ability  to 
make  use  of  this  protein  to  form  body  tissues. 

Bayley  and  Summers  (1968)  noted  a  differential  breed  response  to  in- 
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creased  protein  level  (13  %  to  16  %)  wherein  Lacombe  and  Yorkshire  pigs 
showed  improved  gain  with  increased  protein  level,  but  Landrace  and 
crossbred  pigs  did  not. 

Bruner  and  Swiger  (1968)  observed  that  Duroc  pigs  had  the  lowest 
feed  requirements,  followed  by  Yorkshi re  and  Landrace.  Poland  China, 
Hampshire  and  Spotted  pigs  were  similar  in  feed  requirements  and  higher 
than  the  other  three  breeds.  Aunan  et  al  (1961)  also  compared  breeds. 
Duroc  and  Yorkshire  pigs  were  shown  to  have  a  differential  growth  res¬ 
ponse  to  protein  level  sequence.  A  starting  -  growing  diet  was  fed  to 
57  kg  liveweight  and  a  finishing  ration  was  fed  thereafter.  Dietary 
protein  level  sequences  were  16  -  11,  14  -  11,  or  12  -  12  %.  Duroc 
pigs  gained  faster  (P< .01 )  overall  but  had  more  backfat  ( P<  .0 1 ) .  Feed 
conversion  was  similar  between  breeds. 

A  very  extensive  study  of  the  effects  of  breed  on  growth  and  car¬ 
cass  characteris ti cs  was  conducted  jointly  by  Richmond  and  Berg  (1971) 
and  Skitsko  and  Bowland  (1970a,  1970b).  Pigs  of  Duroc  x  Yorkshire  (DY), 
Hampshire  x  Yorkshire  (HY),  and  Yorkshire  x  Yorkshire  (YY)  breeding  were 
fed  diets  of  3652  kcal  DF/kg  or  2757  kcal  DE/kg  containing  19.9  %  or 
15.3  %  protein  respectively.  Skitsko  and  Bowland  (1970a)  reported  that 
DY  and  HY  pigs  gained  faster  ( P< .01)  and  had  a  better  (P< .01)  feed  con¬ 
version  than  YY  pigs.  Breeding  group  did  not  significantly  affect  appar¬ 
ent  digestible  energy,  apparent  digestible  nitrogen,  ME  or  N-retention 
(Skitsko  and  Bowland,  1970b).  Skitsko  and  Bowland  (1970a)  also  re¬ 
ported  that  YY  pigs  had  a  lower  dressing  percentage  ( P< .05)  but  long¬ 
er  carcasses  ( P< .01 )  than  DY  and  HY  pigs.  HY  pigs  had  less  total  back- 
fat  ( P< .05)  than  DY  and  YY  pigs.  Loin  area  was  smallest  ( P< .01 )  in 
YY  pigs;  was  increased  ( P< .0 1 )  in  DY  pigs;  and  was  again  larger  ( P< .01 ) 
in  HY  pigs.  Richmond  and  Berg  (1971)  compared  carcasses  of  the  three 
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breeding  groups  based  on  tissue  growth.  A  normal  pattern  of  tissue 
growth  was  shown  to  occur,  bone  growth  being  relatively  slow  and  muscle 
growth  relatively  fast.  Fat  (subcutaneous,  i ntermuscul ar  and  body  cavity 
fat  plus  loose  connective  tissue)  deposition  paralleled  muscle  growth 
from  68  to  91  kg;  after  which  fat  growth  was  faster.  YY  pigs  were  older 
at  slaughter  (187  days)  than  HY  or  DY  pigs  which  were  equal  (173  days)  in 
age  at  slaughter.  HY  pigs  had  greater  weight  of  muscle  per  day  of  age 
than  DY  or  YY  pigs  but  were  intermediate  in  fat  per  day  of  age  with  DY 
pigs  having  the  greatest  fat  per  day  of  age. 

As  evidenced  above,  growth  response  and  carcass  quality  between  breeds 
can  be  considered  as  being  the  result  of  'type'  of  pig  rather  than  breed 
per  se.  Results  suggest  that  lean  -  type  pigs  have  the  inherent  ability 
to  utilize  higher  levels  of  dietary  protein  more  efficiently  in  the  pro¬ 
duction  of  lean  in  compari  son  wi  th  fat  -  type  pigs. 

Influence  of  Sex 

Different  responses  to  dietary  protein  level  or  balance  have  been  ob¬ 
served  between  boars,  gilts  and  barrows. 

Bayley  and  Summers  (1968)  studied  the  effect  of  protein  level  and 
lysine-methionine  supplementation  based  on  corn  -  soybean  meal  (corn  - 
SBM)  diets.  In  a  first  experiment  boars  and  gilts  were  fed  two  levels  of 
dietary  protein:  13  %  or  16  %.  In  a  second  experiment  boars,  gilts  and 
barrows  were  fed  combinations  of  12  %  or  14  %  protein  diets  containing 
two  levels  of  lysine  addition  (0  and  .1  %  L-lysine  HC1)  and  two  levels 
of  methionine  supplementation  (0  and  .05  %  DL-methi onine) .  In  the  first 
experiment,  boars  grew  significantly  faster  than  gilts  and  responded  to 
increased  protein  with  increased  gain  whereas  the  gilts  did  not.  How¬ 
ever,  gilts  had  better  overall  conversion.  In  the  second  experiment, 
barrows  gained  more  on  the  12  %  protein,  unsupplemented  diet  than  either 
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the  boars  or  gilts  but  did  not  respond  to  either  increased  protein  levels 
or  amino  acid  supplements;  gilts  responded  to  supplementation  of  the  12  °l 
protein  diet  or  increased  protein  level  from  12  %  to  14  %  protein  but  did 
not  respond  to  lysine  and  methionine  supplementation  of  the  14  %  protein 
diet.  Boars  responded  to  an  increase  in  protein  content  of  the  diet  and 
also  to  the  combined  supplement  of  both  diets. 

Blair  and  English  (1965)  also  related  the  effects  of  'sex'  (boars, 
gilts  and  barrows)  on  growth.  In  comparison  of  boars  to  barrows,  daily 
weight  gains  were  higher  (Pc.OOl);  feed  intake  was  lower  ( P< .05) ;  and 
feed  conversion  better  ( P<  .00 1 )  in  boars.  In  comparison  of  boars  wi  th  gilts 
daily  weight  gains  were  better  ( P< .001 )  as  was  feed  conversion  ( P< .01)  in 
boars  but  there  were  no  significant  differences  in  feed  intake.  Daily 
feed  intakes  were  lower  ( P< .0 1 )  and  feed  conversion  was  better  (Pc.OOl) 
in  gilts  than  barrows.  There  were  no  significant  differences  in  daily 
weight  gain  between  gilts  and  barrows,  however. 

Similar  conclusions  were  made  by  Bcwland  and  Newell  (1971)  in  com¬ 
parison  of  boars,  barrows  and  gilts.  Pigs  were  fed  an  18  %  protein  diet 
throughout,  or  a  16  -  13  t  protein  sequence  diet  in  starting  -  growing 
and  finishing  periods  respecti vely .  Boars  ate  less  than  gilts  or  barrows 
and  had  the  best  feed  conversion.  Barrows  had  the  highest  feed  intake, 
but  the  poorest  feed  conversion  efficiency.  Boars  and  gilts  obtained 
more  benefit  from  higher  dietary  levels  of  protein  than  did  barrows. 

Several  comparisons  have  also  been  made  between  barrows  and  gilts. 
Young  et  al  (1968)  noted  that  feed  intake  was  greater  in  barrows  than 
gilts.  Barrows  have  also  been  shown  to  gain  faster  than  gilts  (Bruner 
and  Swiger,  1968;  Wagner  et  al ,  1963;  Mulholland,  Erwin  and  Gordon,  1960; 
Bowl  and  and  Berg,  1959).  Gilts  have  been  shown  to  be  more  efficient 
than  barrows  in  feed  conversion  by  Bruner  et  al  (1958)  but  only  slightly 
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more  efficient  by  Wagner  et  al  (  1963)  and  Bowland  and  Berg  (1959).  Dent 
et  al  (1970)  noted  that  gilts  were  more  efficient  converters  of  lysine 
and  energy  into  liveweight  and  lean  meat  than  were  barrows. 

The  overall  concensus  appears  to  be  that  boars  are  most  responsive 
to  an  increase  in  protein  level  and  that  barrows  are  least  responsive 
with  gilts  being  intermediate.  Although  barrows  have  the  highest  feed 
intake,  the  efficiency  of  feed  conversion  is  usually  poorer  than  that  of 
boars  or  gilts.  Boars  generally  gain  faster  than  gilts  and  have  a  better 
feed  conversion. 

Nitrogen  Retention  Studies 

N-retention  has  been  shown  to  be  influenced  by  dietary  protein  level, 
amino  acid  supplementation  and  by  weight  and  age  of  the  experimental  pigs. 

Rutledge,  Hanson  and  Meade  (1961)  found  that  N-retention  significant¬ 
ly  increased  with  increasing  dietary  protein  levels  (16,  20,  24  or  28  %) 
in  pigs  3  to  8  weeks  of  age  but  the  percentage  of  apparently  absorbed 
nitrogen  (N)  retained  by  the  pig  decreased.  It  appeared  that  the  percent¬ 
age  of  dietary  protein  required  to  promote  satisfactory  gains  in  suckling 
pigs  was  somewhat  less  than  that  required  to  promote  satisfactory  N-re¬ 
tention.  It  was  also  concluded  that  pigs  weaned  at  3  weeks  of  age  require 
at  least  20  %  protein  of  high  quality  to  promote  maximum  N-retention  dur¬ 
ing  the  early  stages  of  the  subsequent  growth  periods.  Improved  N-reten¬ 
tion  has  also  been  observed  by  increased  dietary  protein  level  by  Likuski, 
Bowland  and  Berg  (1961)  and  Meade  and  Teter  (1956). 

Both  positive  and  negative  effects  have  been  observed  on  N-retention 
upon  supplementation  with  amino  acids  in  an  effort  to  improve  protein  bal¬ 
ance.  Improved  N-retention  with  supplemental  lysine  has  been  observed 
(Welch,  Cordts  and  Van  der  Noot,  1966;  Soldevila  and  Meade,  1964)  as  well 
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as  negative  effects  on  N-retention  upon  supplementation  with  lysine 
(Welch,  Cordts  and  Van  der  Noot,  1966;  Meade  and  Teter,  1956;  Meade 
et  al ,  1956a).  Both  positive  and  negative  effects  have  been  observed  with 
tryptophan  supplementation.  Increased  N-retention  with  supplemental 
tryptophan  was  observed  by  Welch,  Cordts  and  Van  der  Noot  (1966)  and  a 
decreased  level  of  N-retention  was  found  by  Meade  (  1956a)  with  supple¬ 
mental  tryptophan.  Supplementation  of  diets  with  methionine  has  generally 
had  no  effect  on,  or  caused  a  decline  in,  N-retention  (Bowl and  and  G rim- 
son,  1970;  Soldevila  and  Meade,  1964;  Meade,  1956a;  Meade,  1956b). 

The  positive  and  negative  effects  of  amino  acid  supplementation  can 
be  explained  by  the  fact  that  the  majority  of  positive  responses  have 
been  on  low,  poorly  balanced  protein  diets.  Therefore,  a  positive  res¬ 
ponse  would  be  expected.  At  higher  dietary  protein  levels,  however,  in¬ 
takes  of  essential  amino  acids  may  be  adequate  and  so  no  response  to 
amino  acid  supplementation  would  be  expected. 

In  some  cases,  a  negative  response  to  amino  acid  supplementation 
has  been  the  result  of  an  amino  acid  imbalance  (Meade  and  Teter,  1956; 
Meade,  1956b)  or  inadequate  total  N  (Meade  and  Teter,  1956).  This  lack 
of  response  could  be  further  explained  by  Mitchell  et  al  (1968a)  who 
concluded  that  the  young  pigs  uses  dietary  N  best  when  essential  and 
non-essential  amino  acids  each  furnished  about  50  %  of  the  total  dietary 
N.  Digressions  from  this  could  have  an  effect  on  N-retention. 

Apparent  digestibility  of  crude  protein  has  also  been  shown  to  be 
higher  in  pigs  fed  higher  protein  diets  (McConnell,  Barth  and  Griffin, 
1971;  Standish  and  Bowland,  1967;  Greeley  et  al ,  1964;  Kuryvial  and  Bow- 
land,  1962). 

The  age  of  pigs  has  been  demonstrated  to  affect  protein  digestibility 
and  N-retention.  Increased  protein  digestibility  has  been  shown  with  in- 
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creased  age  by  McConnell,  Barth  and  Griffin  (1971);  Anderson  and  Bowland 
(1967)  and  Robinson,  Morgan  and  Lewis  (1964b).  In  contrast,  reduced 
N-retention  with  increased  age  has  been  shown  to  occur  (McConnell, 

Barth  and  Griffin,  1971;  Robinson,  Morgan  and  Lewis,  1964b;  Likuski, 
Bowland  and  Berg,  1961). 

N-retention  is  generally  improved  by  increased  level  or  balance  of 
dietary  protein,  with  less  or  no  effect  at  higher  levels  of  dietary  pro¬ 
tein.  Amino  acid  imbalances  may  interfere.  Apparent  digestibility  of 
crude  protein  increases  with  increased  protein  levels  and  also  with 
age.  N-retention,  on  a  percentage  of  intake  basis,  however,  generally 
decreases  with  increased  weight  or  age  of  the  pig.  Absolute  levels  of 
N-retention  seem  to  remain  relatively  constant  from  20  kg  to  90  kg  live- 
weight  (Bowland  et  al,  1970). 

Plasma  Amino  Acid  Studies 

Dietary  protein  levels  have  been  shown  to  influence  plasma  amino  acid 
levels  (Olsen  et  al ,  1959;  Purchal  et  al ,  1962).  This  observation  has 
encouraged  research  in  relations  between  dietary  amino  acid  levels  and 
plasma  amino  acid  concentration. 

Stockland,  Meade  and  Nordstrom  (1970)  concluded  that  the  supple¬ 
mentation  of  limiting  dietary  amino  acids  reduced  plasma  levels  of  amino 
acids  not  included  in  the  supplements  and  increased  the  plasma  levels  of 
amino  acids  supplemented  but  to  a  lesser  degree  than  the  amount  of  amino 
acids  added  at  the  dietary  level.  Lowered  plasma  amino  acid  levels  in¬ 
ferred  an  improved  amino  acid  balance  reflected  in  an  improved  rate  of 
gain.  In  a  follow-up  study,  Stockland,  Meade  and  Nordstrom  (1971)  supple¬ 
mented  corn-SBM  diets  for  growing  pigs  with  .20  l  L-lysine  HC1,  .25  % 
methionine  and/or  .10  %  tryptophan.  Tryptophan  and  methionine,  alone  or 
in  combination,  increased  concentration  of  plasma  -  free  amino  acids,  re- 
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gardless  of  lysine  supplements.  Plasma  -  free  lysine  decreased  with 
supplementation  of  the  diet  with  methionine  and  this  decrease  was  assoc¬ 
iated  with  increased  rate  of  gain. 

Grimble  and  Whitehead  (1969)  fed  synthetic  amino  acid  deficient  diets 
to  pigs  and  found  that  amino  acid  levels  were  not  elevated  until  growth 
was  impaired  and  total  serum  protein  and  albumin  began  to  fall.  Similar 
observations  were  made  again  by  Grimble  and  Whitehead  (1970);  until  growth 
was  markedly  impaired,  reduction  of  dietary  protein  had  no  significant 
effect  on  serum  amino  acid  pattern. 

Mitchell  et  al  (1968b)  studied  the  relationship  between  N-retention 
and  plasma  -  free  amino  acids  in  the  young  pig.  They  found  that  the 
addition  of  a  particular  amino  acid  to  the  diet  did  not  increase  the  con¬ 
tent  of  this  amino  acid  in  the  plasma  until  the  dietary  requirement  was 
met.  When  excessive  levels  of  an  amino  acid  were  present  in  the  diet, 
plasma  levels  of  this  amino  acid  increased. 

Typpo  et  al  (1970);  Nordstrom  et  al  (1970)  and  Windels  et  al  (1971), 
all  reported  that  concentration  of  plasma  amino  acids  at  intervals  after 
feeding,  especially  8  hr,  were  sensitive  to  dietary  levels  of  amino  acids. 
Stockland  and  Meade  (1970)  and  Windels  et  al  (1971)  noted  that  as  ADG 
increased  there  was  increased  removal  of  amino  acids  from  plasma  supposed¬ 
ly  for  protein  synthesis.  An  excellent  review  of  relations  between  free 
amino  acids  in  the  body  is  provided  by  Munro  (1970)  who  also  discusses 
the  effects  of  protein,  carbohydrate,  fat,  vitamins  and  minerals  which 
affect  the  fate  of  absorbed  amino  acids. 

Plasma  amino  acid  levels  tend  to  reflect  dietary  amino  acid  level, 
balance,  and  availability.  Improvement  of  these  dietary  criteria  results 
in  a  better  balanced  profile  of  free  amino  acids  in  the  plasma  and  often 
an  improved  rate  of  gain.  Feeding  a  diet  poorly  balanced  in  amino  acids 
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tends  to  cause  elevation  of  free  amino  acids  in  the  plasma  except  for 
the  limiting  amino  acids  which  tend  to  be  depressed. 

Pigs  require  a  certain  level  of  each  essential  amino  acid  for  optimal 
growth,  expressed  either  per  unit  of  total  diet,  per  unit  of  energy,  or 
per  unit  of  protein.  "Acceptable"  feed  intake,  gain  and  feed  conversion 
may  be  achieved  over  a  range  of  these  requirements.  Above  certain  limits, 
however,  disproportionate  ratios  result  in  a  depression  of  feed  intake, 
gain,  or  feed  conversion  or  all  three  and  may  also  produce  inferior  car¬ 
casses.  By  improving  the  ratios  of  amino  acids  usually  limiting  in  cereal 
based  rations  (usually  lysine  and/or  me thi onine) ,  optimal  growth  response 
may  again  be  achieved  along  with  improved  carcass  quality. 
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EXPERIMENTAL 


Objecti  ves 

Experiments  were  designed  to  relate  the  effects  of  dietary  pro¬ 
tein  level  and  balance  as  influenced  by  amino  acid  supplementation  on  feed 
intake,  rate  of  gain,  efficiency  of  feed  conversion,  protein  and  energy 
utilization,  and  carcass  quality  of  growing  pigs. 

Methods  and  Procedures 

Introduction 

The  author's  advisor  conducted  the  first  experiment  (Experiment  1) 
in  the  winter  and  spring  of  1969-70.  The  author  conducted  a  similar 
experiment  (Experiment  II)  in  the  summer  and  fall  of  1970.  This  second 
experiment  also  included  a  metabolism  trial  to  study  digestible  and  met¬ 
abolizable  energy,  digestible  protein  and  N-retention.  A  related  ex¬ 
periment  (Experiment  III)  was  conducted  as  a  co-operative  project  by 
S.  B.  Wilton,  Co-ordinator,  Livestock  Programs,  O.V.A.C.,  Olds,  Alberta. 

Experimental  Diets 

Formulation  and  composition  of  experimental  diets  are  given  in 
Table  1.  The  experimental  design  outlining  diets  fed  for  the  starting, 
growing,  and  finishing  periods  (starter,  grower  and  finisher,  respective¬ 
ly)  is  summarized  in  Table  2. 

Experiment  II  was  similar  to  Experiment  I  except  that  there  was  an 
extra  treatment  (#6  -  13  %  protein  +  lysine)  in  Experiment  II.  Also, 
unlike  Experiment  I,  amino  acid  supplements  were  fed  in  the  grower  and 
finisher  as  well  as  the  starter  ration.  Experiment  III  was  analogous  to 
Experiment  I  except  that  the  amino  acid  supplement  (lysine  and  methion¬ 
ine)  was  fed  in  treatment  5  in  the  grower  and  finisher. 

Experimental  diets  for  Experiments  I  and  II  were  mixed  and  bagged 
at  The  University  of  Alberta  Edmonton  Research  Station  elevator  and  stored 
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Table  1.  Formulation  and  composition  of  experimental  diets 


Diet  # 

Fed  in  Experiments 

Calculated  protein  (%) 

1 

I, II, III 

20 

2 

I, II, III 

16 

3 

I, II, III 

13 

4 

I, II, III 

13 

5 

II 

13 

Ingredients 

Barley 

510.00 

627.50 

716.00 

713.00 

714.00 

Wheat 

200.00 

200.00 

200.00 

200.00 

200.00 

Soybean  meal  (44  %) 

240.00 

120.00 

30.00 

30.00 

30.00 

Herri  ng  meal  (  72  %)  , 

L-lysine  (feed  grade)  ? 

20.00 

20.00 

20.00 

20.00 

20.00 

0.00 

0.00 

0.00 

2.00 

2.00 

DL-methionine  (feed  grade) 

0.00 

0.00 

0.00 

1.00 

0.00 

Bonemeal  or  di cal . -phosphate 

13.00 

13.50 

14.00 

14.00 

14.00 

Calcium  carbonate 

6.00 

8.00 

9.00 

9.00 

9.00 

Zinc  sulphate 

0.25 

0.25 

0.25 

0.25 

0.25 

Iodi zed  salt  g 

4.00 

4.00 

4.00 

4.00 

4.00 

Trace  mineral  mix'2 3 

2.50 

2.50 

2.50 

2.50 

2.50 

Vi  tamin  B  mix4 5 * 7 

2.50 

2.50 

2.50 

2.50 

2.50 

Vi  tami  n  B-j  2  mi  x  g 

1.00 

1.00 

1 .00 

1 .00 

1 .00 

Vitamin  A  premix^ 

+ 

+ 

+ 

+ 

+ 

Vitamin  D  premix' 

Vitamin  E  (Myvamix  20 )a 

+ 

+ 

+ 

+ 

+ 

0.25 

0.25 

0.25 

0.25 

0.25 

Aureo  SP-250 

0.50 

0.50 

0.50 

0.50 

0.50 

TOTAL:  (kg) 

1000.00 

1000.00 

1000.00 

1000.00 

1000.00 

Calculated  Composition: 


Digestible  energy 

kcal/kg 

3160 

3120 

3100 

3100 

3100 

Calci  urn 

% 

0.67 

0.71 

0.74 

0.74 

0.74 

Phosphorus 

% 

0.76 

0.74 

0.73 

0.73 

0.73 

Lysine 

% 

1.10 

0.80 

0.57 

0.71 

0.71 

Methionine  +  cystine 

% 

0.60 

0.51 

0.43 

0.53 

0.43 

2  L-lysine  mono  HC1  (98  %) ,  Pfizer  Co.  Ltd.  Montreal,  Quebec, 
o  DL-methionine  (99  %) ,  Degussa,  West  Germany. 

Supplies  the  following  per  metric  ton  of  mixed  feed:  5.83  g  cobalt  carbonate, 
61.93  g  copper  sulphate,  3.3  g  ethylene  diamine  di hydroiodide,  594  g  ferrous 
.  carbonate,  120.67  g  manganous  oxide,  7.48  g  zinc  oxide,  and  167.09  g  limestone. 
Supplies  the  following  per  metric  ton  of  mixed  feed:  11.11  g  riboflavin, 

22.22  g  calcium  pantothenate,  50.5  g  niacin,  55.66  g  choline  chloride,  and 

5  1.65  g  folic  acid. 

Supplies  19.80  mg  vitamin  B 1 2  Per  metric  ton  of  mixed  feed. 

7  To  supply  4,400,000  I.U.  vitamin  A  per  metric  ton  of  mixed  feed, 
o  To  supply  550,000  I.U.  vitamin  D  per  metric  ton  of  mixed  feed, 
q  Provides  11  ,000  I.U.  vitamin  E  (a  -  tocopherol)  per  metric  ton  of  mixed  feed. 
Supplies  22  g  chi ortetracycl i ne ,  22  g  sulfamethazine,  and  11  g  penicillin 
(from  procaine  penicillin)  per  metric  ton  of  mixed  feed.  Cyanamid  of  Canada 
Ltd. 
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Table  2.  Experimental  design  for  Experiments  I,  II  and  III  summarizing 
the  calculated  protein  levels  in  diets 


Peri  od: 

Starter, 
(1-6  wk) 1 

Grower 

Finisher 

Experiment 

Treatment 

(6-12  wk) 

( 1 2  wk -market) 

I 

1 

20 

16 

13 

2 

20 

13 

13 

3 

16 

16 

16 

4 

13  ? 

13 

13 

5 

1  3+1+nr 

13 

13 

II 

1 

20 

16 

13 

2 

20 

13 

13 

3 

16 

16 

16 

4 

5 

13  p 

13+1+171 

13  p 

1 3+1+nr 

13  ? 

1 3+l±ni 

6 

13+1  3 

13+1 3 

13+r 

III 

1 

20 

16 

13 

2 

20 

13 

13 

3 

16 

16 

16 

4 

5 

13  p 

1 3+1 +m 

13  « 

1 3+1+nr 

13  « 

13+1+nT 

2  Approximate  length  of  ti 

me  pigs  were  fed 

each  dietary  protein  level. 

2  Supplemented  with  L-lysi 

ne  and 

1  DL-methionine. 

Supplemented  wi th  L-lysi 

ne . 

in  the  barn 

where  they  were 

fed. 

The  sources  of  ingredients  for  the  two 

experiments 

were  not  the  same.  Experimental 

diets  for  Experiment  III 

were  commercially  mixed  and 

contained  different  ingredient 

sources  to 

those  used 

in  either  Experiments 

I  or  II. 

Analyzed  protein  content  of 

the  experimental  diets  is 

i  1 1  us  t  rated 

in  Table  3. 

Amino 

acid  composition 

of  experimental 

diets  used  in 

Experiment  II 

is  given  in 

Table  4.  Amino 

aci  d 

assays  were 

not  conducted 

on  the  diets 

fed  in  Experiments  I  and  III. 
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Table  3.  Analyzed1  protein  levels  of  experimental  diets  on  an  air  dry 
basis 


Diet  # 

Calculated  protein  level  (%) 

1 

20 

2 

16 

3 

13 

4 

13 

5 

13 

Experiment  I 

20.0 

16.6 

13.9 

13.9 

--- 

Experiment  II 

22.7 

15.7 

14.1 

14.1 

14.1 

Experiment  III 

19.2 

16.3 

14.0 

14.0 

-  -  ~ 

AOAC,  1965.  Based  on  N  x  6.25. 


Actual  experimental  procedure  is  discussed  on  the  basis  of  each  ex¬ 
periment. 

Experimental  Design 
A .  Experiment:  I 

1 .  Growth  Studies  and  Carcass  Evaluation 
Experiment  I  consisted  of  two  replicates.  Replicate  1  was  started 
on  November  19,  1969  and  pigs  averaging  35.5  days  of  age  and  6.9  kg  live- 
weight  were  used.  In  replicate  2,  ini  tiated  November  27,  1969,  pigs  aver¬ 
aged  35.9  days  of  age  and  6.8  kg  liveweight  at  time  of  allotment.  Pigs 
were  weaned  at  three  weeks  of  age  and  kept  on  a  standard  starting  diet 
until  allotment.  Prior  to  weaning,  all  pigs  were  treated  in  a  manner  as 
described  by  Grimson  (1969).  Within  each  replicate,  40  pigs  of  mixed 
breeding  (Hampshire  x  Yorkshire,  Duroc  x  Lacombe-Yorkshi re ,  Lacombe  x 
Lacombe-Yorkshi re  or  Yorkshire)  were  allotted  on  the  basis  of  sex  and 
weight  to  the  five  treatments  (Table  l).  After  allotment,  pigs  were  self- 
fed  in  groups  of  four  with  gilts  and  barrows  in  different  pens.  All 
pigs  were  fed  the  starting  diets  as  outlined  in  Table  2,  and  changed  to 
the  growing  diet  after  6  weeks  at  approximately  77  days  of  age,  and 
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Table  4. 


Amino  acid  composition"'  of  experimental  diets  (g  amino  acid/ 
100  g  mixed  feed)  on  an  air  dry  basis  for  Experiment  II 


Diet  # 

Ami  no  Aci  ds 

1 

2 

3 

4 

5 

A1  ani ne 

0.98 

0.64 

0.62 

0.58 

0.56 

Argini  ne 

1  .35 

0.78 

0.74 

0.71 

0.70 

As  parti  c  Aci  d 

2.00 

1.14 

0.97 

0.93 

0.90 

Cystine 

0.51 

0.43 

0.32 

0.32 

0.35 

Glutamic  Acid 

4.63 

3.64 

3.30 

3.23 

3.17 

Glyci  ne 

1 .00 

0.66 

0.64 

0.62 

0.61 

Histi dine 

0.54 

0.35 

0.31 

0.31 

0.31 

Isoleucine 

0.90 

0.57 

0.52 

0.49 

0.50 

Leucine 

1 .60 

1.08 

0.99 

0.98 

0.94 

Lysine 

1 .24 

0.69 

0.62 

0.77 

0.72 

Methi oni ne 

0.34 

0.23 

0.24 

0.30 

0.21 

Phenylal anine 

1 .07 

0.71 

0.67 

0.67 

0.64 

Prol  i  ne 

1 .52 

1  .32 

1  .21 

1.21 

1.15 

Seri  ne 

1  .05 

0.70 

0.63 

0.62 

0.61 

Th reoni ne 

0.81 

0.54 

0.96 

0.48 

0.48 

Tyrosine 

0.55 

0.35 

0.31 

0.31 

0.29 

Valine 

1 .03 

0.71 

0.67 

0.64 

0.63 

Ammoni a 

0.50 

0.41 

0.37 

0.34 

0.37 

Total 

21  .62 

14.95 

14.09 

13.51 

13.14 

%  lysine  of  total 

5.46 

4.39 

4.39 

5.46 

5.10 

protein^ 

l  methionine  +  cystine 

3.74 

4.20 

3.97 

4.39 

3.97 

of  total  protein^ 

%  cystine  of 

60.0 

65,2 

57.1 

51  .6 

62.5 

methionine  +  cystine 


Represents  94  -  96  °l  of  the  total;  tryptophan  not  analyzed.  Other 
amino  acids  analyzed  by  Technicon  Amino  Acid  Analyzer,  Technicon 
Instrument  Corporation,  Chauncy,  N.Y.,  U.S.A. 

Expressed  as  g  amino  acid  per  16  g  N . 


2 


• 

27 


then  changed  to  the  finishing  diet  which  they  were  fed  until  slaughter. 

Feed  consumption  and  liveweight  were  determined  on  a  weekly  basis. 
Weight  gain  and  efficiency  of  feed  conversion  were  calculated  from  these 
data.  Individual  pigs  were  marketed  for  slaughter  following  the  weekly 
weigh  day  on  which  they  reached  86  kg  (190  lb)  liveweight.  In  each  pen, 
the  last  pig,  regardless  of  weight,  was  marketed  when  the  third  pig  reach¬ 
ed  slaughter  weight.  All  pigs  were  slaughtered  at  Swift  Canadian  Ltd., 
Edmonton,  Alberta.  Standard  Carcass  Valuation,  termed  grade  index,  was 
determined  by  total  backfat  (maximum  shoulder  fat  and  maximum  loin  fat) 
and  warm  carcass  weight  (Canada  Department  of  Agriculture,  1968).  R.O.P. 
measurements  and  Index  (Fredeen,  1966)  and  the  recently  revised  R.O.P. 
Index^  was  also  determined  on  all  carcasses;  however,  no  sex  correction 
was  made  on  this  last  measurement  of  carcass  quality. 

B .  Experiment  II 

This  experiment  consisted  of  two  major  portions:  1.  Growth  studies 
and  carcass  evaluation,  and  2.  Metabolism  trials.  Each  portion  will  be 
discussed  separately. 

1 .  Growth  Studies  and  Carcass  Evaluation 

Treatment  of  pigs  prior  to  allotment  was  similar  to  that  described 
under  Experiment  I.  Experiment  II  was  also  conducted  in  two  replicates. 
Replicate  1  was  started  on  June  1  7,  1970  with  selected  pigs  averaging 
33.8  days  of  age  and  7.1  kg  liveweight.  Replicate  2  was  initiated  on 
July  8,  1970  with  pigs  averaging  47.7  days  of  age  and  10.9  kg  liveweight. 
Within  each  replicate,  48  pigs  of  Landrace  x  Yorkshire  (LY)  or  Hampshire  x 
Yorkshire  (HY)  breeding  were  allotted  on  the  basis  of  sex,  weight  and 
breed  to  the  six  treatments  (Table  1).  During  the  starter  (first  6  weeks 
after  allotment)  two  pigs  of  one  breed  and  sex  were  allotted  per  pen. 
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Fredeen,  H.T.,  personal  communication 
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During  the  grower  (6  -  12  week)  and  finisher  (12th  week  -  market);  how¬ 
ever,  breeds  were  no  longer  separated  as  there  were  4  pigs  per  pen. 

Feed  intake  and  gain  were  recorded  as  in  Experiment  I.  Pigs  were 
slaughtered  at  86  kg  (190  lb)  liveweight.  In  each  pen,  the  last  pig, 
regardless  of  weight,  was  slaughtered  when  the  third  pig  reached  slaughter 
weight.  As  in  Experiment  I,  standard  Carcass  Valuation  (grade  index)  and 
R.O.P.  Indexes  were  determined. 

2.  Metabolism  Tri als 

Metabolism  studies  were  initiated  as  a  part  of  Experiment  II  to  deter¬ 
mine  the  effects  of  differing  protein  levels  on  N-retention  and  efficiency 
of  energy  utilization. 

Twenty-four  pigs  were  selected  on  the  basis  of  weight  on  June  18,  1970 
Since  there  were  6  treatments  in  Experiment  II,  there  were  4  pigs  per  treat 
ment  -  two  barrows  and  two  gilts;  each  of  these  sexes  being  further  div¬ 
ided  into  LY  and  HY  offspring.  As  eight  metabolism  cages  were  available, 
three  trials  of  8  pigs  each  were  conducted  on  the  following  dates: 

June  26  -  July  2,  1970 
July  3  -  July  9,  1970 
July  10  -  July  16,  1970 

Selection  and  allotment  of  pigs  was  such  that  average  weights  were 
similar;  that  is,  the  heavier  pigs  were  used  in  the  first  trial,  with 
the  lighter  pigs  being  used  in  subsequent  trials.  The  pigs  used  had  an 
average  age  of  from  6  to  7  weeks  and  weighed  10  to  12  kg. 

During  each  trial,  the  selected  pigs  were  placed  in  the  metabolism 
cages  for  three  days  so  they  could  become  accustomed  to  the  cages  by 
the  time  the  trial  started.  No  collections  were  made  during  this  per¬ 
iod.  On  the  morning  of  the  fourth  day,  the  pigs  were  removed  from  the 
cages  and  weighed.  The  cages  were  completely  cleaned  with  water.  Total 
fecal  and  urinary  collections  were  made  for  the  following  three  days; 
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after  which  time  the  pigs  were  removed,  weighed  again,  and  placed  back 
in  their  respective  pens. 

During  each  metabolism  trial,  records  and  collection  procedures 
were  as  follows: 

i .  Feed 

Pigs  were  fed  their  respective  diets  during  the  adjustment  and 
collection  periods.  In  the  first  two  trials,  pigs  were  fed  at  a  level 
of  90  7o  of  the  average  daily  feed  consumed  by  each  pig  in  the  week  prior 
to  the  metabolism  trial.  Not  all  feed  was  consumed  by  all  pigs  in  these 
trials.  Therefore,  in  the  third  trial,  pigs  were  fed  at  a  level  of  80  % 
of  the  individual  average  daily  feed  consumed  in  the  week  prior  to  the 
trial.  This  appeared  to  be  a  more  satisfactory  level  of  feed  allowance. 

Pigs  in  metabolism  cages  were  fed  three  times  daily:  at  7:30  a.m.; 
at  12:00  noon;  and  at  5:00  p.m.  Any  feed  not  consumed  during  the  collect¬ 
ion  period  was  collected,  dried  at  60°C  for  72  hours  in  a  forced  air 
oven"*,  and  left  at  room  temperature  for  24  hours  to  arrive  at  an  'air 
dry'  basis.  It  was  then  weighed  and  this  value  was  considered  as  the 
weigh-back  representing  feed  not  consumed.  Feed  was  analyzed  separately 
for  each  trial  (see  section  on  "Methods  of  Chemical  Analysis"). 

i i .  Feces 

Feces  were  collected  each  morning  during  the  metabolism  periods. 

Each  day's  collection  was  placed  in  a  labelled  plastic  bag  and  stored 
at  3°C.  After  final  collection,  total  feces  collections  from  each  pig 
were  thoroughly  mixed,  total  weight  was  taken,  and  two  samples  were  with¬ 
drawn: 

1.  Approximately  50  g  was  taken  for  gross  N  analysis.  This  sample  was 
kept  in  a  labelled  plastic  bag  as  before.  All  N  determinations  were 
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Despatch  Oven  Co.,  Minneapolis,  Minn.,  U.S.A. 
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done  on  duplicate  2.0  g  moist  feces  samples. 

2.  Another  sample,  of  approximately  200  g,  was  placed  in  an  aluminum 

tray  for  air  -  dry  matter  determination.  Wet  weight  was  determined  and 

the  sample  then  placed  in  a  forced  air  oven^  at  60°C  for  72  hr,  removed, 

and  allowed  to  equilibrate  to  an  'air  -  dry'  basis  for  a  24  hr  period 

and  again  weighed  for  determination  of  air  -  dry  weight.  These  samples 

2 

were  then  ground  through  a  Size  8  C  and  N  Laboratory  Mill  with  a  2  mm 

mesh  screen,  and  placed  in  a  labelled  plastic  bag,  sealed,  and  gross 

energy  was  determined  after  determination  of  oven  -  dry  weight.  Oven  - 

dry  weight  was  determined  on  duplicate  2.0  g  samples  of  each  feces  sam- 

1 

pie  by  drying  for  24  hr  in  a  forced  air  oven  . 
i i i .  Urine 

Collections  of  urine  were  made  at  the  same  time  the  feces  were  col¬ 
lected.  Volume  was  measured  and  recorded  at  the  time  of  collection. 

Aliquots  of  urine  were  placed  in  jars,  sealed  and  stored  at  3°C  such 
that  a  total  volume  of  approximately  250  ml  was  collected  over  the  three 
day  period.  N  content  was  determined  in  duplicate  on  5  ml  samples  of 
wet  urine.  Before  gross  energy  determinations  were  made,  approximately 
200  ml  was  placed  on  a  freeze  -  drier  for  48  hr,  along  with  a  5  ml 
urine  sample  in  a  tear  bulb  to  determine  dry  matter  content.  Duplicate 
gross  energy  determinations  were  made  on  1  g  samples  of  freeze  -  dried  urine. 
C.  Experiment  III 

1 .  Growth  Studies  and  Carcass  Evaluation 

This  experiment  was  carried  out  at  O.A.V.C.,  Olds,  Alberta.  Dietary 

1  Despatch  Oven  Co.,  Minneaplis,  Minn.,  U.S.A. 

L  Christy  and  Norris  Ltd.,  Chelmsford,  England. 

3  Thermovac  Model  FD-64  Freeze  Dryer,  Thermovac  Industries  Corp., 

N.Y.,  U.S.A. 


.. 
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formulations  were  as  used  in  Experiment  II  except  for  the  omission  of 
treatment  6(13%  protein  +  lysine).  Experiment  III  consisted  of  two 
replicates,  each  replicate  being  started  on  December  8,  1969.  A  total 
of  90  pigs,  averaging  44.9  days  of  age  of  mixed  breeding  (Landrace  x 
Yorkshire,  Hampshire  x  Yorkshire,  or  Yorkshire  x  Yorkshire)  were  allot¬ 
ted  on  the  basis  of  weight  into  10  pens,  each  pen  consisting  of  9  pigs, 
with  unequal  numbers  of  each  sex  per  pen.  Pigs  were  fed  their  respect¬ 
ive  starters  (Table  2)  to  an  overall  average  age  of  approximately  77 
days,  at  which  time  they  were  changed  to  their  respective  growers 
(Table  2).  They  were  changed  to  their  respective  finishing  diets 
(Table  2)  at  an  overall  age  of  approximately  119  days  (Table  2),  which 
they  were  fed  until  slaughter.  Feed  intake  and  rate  of  gain  records 
were  kept  throughout  and  pigs  were  slaughtered  when  they  reached  approx¬ 
imately  90  kg  (198  lb)  liveweight.  Standard  Carcass  Valuation  (Canada 
Department  of  Agriculture,  1968)  was  determined  at  slaughter. 

Methods  of  Chemical  Analysis 

Gross  feed,  fecal  and  urinary  energies  were  determined  using  a 

Parr  Oxygen  Bomb  Cal orime ter"* .  Values  were  corrected  to  an  oven  -  dry 

basis.  Gross  N  values  for  feed,  feces  and  urine  were  done  by  the 

Kjeldahl  method  (AOAC,  1965).  The  catalyst  used  in  the  digestion  of  all 

2 

samples  was  a  commercial  Kel  -  Pak  .  Collection  of  distilled  ammonia 
was  into  50  ml  of  4  %  boric  acid.  Protein  was  determined  from  it 
values  by  multiplying  by  a  factor  of  6.25.  Tolerances  of  +_0,2  per¬ 
centage  units  were  allowed  on  duplicate  determinations  of  protein  con¬ 
tent  of  each  sample.  Tolerances  of  +  50  calories/g  were  allowed  on 

1  Parr  Instrument  Company,  Moline,  Ill.,  U.S.A. 

1  Supplies  HgO,  K?S04  and  CuS04.  Matheson  Scientific,  East  Rutherford, 

N.J.,  U.S.A. 
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duplicate  gross  energy  determinations.  Tolerances  of  +_  0.1  %  were 
allowed  on  oven  -  dry  matter  determinations. 

Methods  of  Statisti cal  Analysis 

All  data  were  analyzed  on  Fortran  IV  using  an  analysis  of  variance 
program  developed  by  the  Department  of  Computing  Science  (Easton,  1968). 
Expected  mean  squares  and  valid  error  term  were  calculated  by  a  method 
proposed  by  Hicks  (1964a);  the  error  term  was  further  adjusted  (Hicks,  1964b) 
to  make  a  more  accurate  and  reasonable  test.  Levels  of  statistical  sig¬ 
nificance  were  set  at  the  5  l  level  (statistically  significant)  and  at 
the  1  %  level  (highly  statistically  significant).  Although  significance 
at  the  10  %  level  is  not  usually  considered  as  being  entirely  valid  in 
biological  data,  it  does  indicate  trends,  so  was  also  determined.  Sig¬ 
nificant  differences  between  treatments  (multiple  means)  were  further 
analyzed  by  application  of  Duncan's  New  Multiple  Range  Test  (Steel  and 
Torrie,  1960). 

In  Experiments  I  and  II,  feed  and  gain  data  were  analyzed  on  a  group 
mean  basis  in  metric  units.  Analysis  of  variance  was  also  done  on  feed 
and  gain  data  on  the  basis  of  Experiments  I  and  II  combined,  with  the 
removal  of  treatments  which  were  not  present  in  both  experiments.  Feed 
and  gain  data  were  analyzed  in  British  units  in  Experiment  III  and  later 
converted  to  metric  units  by  reference  to  Units  of  Weight  and  Measure, 
National  Bureau  of  Standards  (1960).  Conversion  factors  used  were  as 
i 1  lustrated  in  Table  5. 

Carcass  data  on  all  experiments  (I,  II,  I  and  II  combined,  and  III) 
were  analyzed  in  British  units  and  means  were  then  changed  to  metric 
units  as  in  Table  5. 
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Table  5.  Conversion  factors  used  in  conversion  of  British  units  to 
metric  units  on  feed,  gain  and  carcass  data 


From: 

To: 

Multiply  by: 

in 

cm 

2.54 

sq  in 

sq  cm 

6.45 

lb 

kg 

0.454 

sq  in/lb 

sq  cm/kg 

14.22 

Carcass  data  were  analyzed  on  an  individual  basis  for  Experiment  I, 
Experiment  II  and  Experiments  I  and  II  combined  (with  removal  of  treat¬ 
ments  which  differed  between  the  two  experiments).  Carcass  data  in 
Experiment  III  were  analyzed  on  a  group  mean  basis  as  there  were  unequal 
numbers  per  cell. 

In  all  experiments,  missing  data  were  replaced  by  the  mean  of  that 
group  with  the  consequent  loss  of  1  degree  of  freedom  (df)  in  the  error 
term  per  replacement  (Steel  and  Torrie,  1960).  In  analysis  of  variance 
of  the  carcass  data,  this  resulted  in  the  loss  of  3  df  in  the  error  term 
for  Experiment  I,  the  loss  of  1  df  in  the  error  term  for  Experiment  II, 
and  the  loss  of  3  df  in  the  error  term  when  analysis  of  variance  was 
performed  on  Experiments  I  and  II  combined. 

Separate  analysis  of  variance  was  done  on  an  individual  pig  basis 
for  the  metabolism  trials  in  Experiment  II. 
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RESULTS  AND  DISCUSSION 


Introduction 

Presentation  and  discussion  of  results  are  under  two  major  divis¬ 
ions:  feeding  effects  and  carcass  effects.  A  third  area,  the  results 
of  protein  and  energy  metabolism,  is  discussed  following  this.  Within 
each  major  division,  the  results  of  each  experiment  are  presented,  follow¬ 
ed  by  a  discussion  of  the  overall  effects. 

In  all  tables  a  code  as  presented  in  Table  6  was  used  in  distin¬ 
guishing  levels  of  significance  and  differences  between  factor  means. 

Table  6.  Symbols^used  in  levels  of  significance  between  and  among  means 


Symbol  used: 

Meaning: 

0 

Following  means  are  significantly 
different  at  ( P < .  1 0 ) 

* 

Following  means  are  significantly 
different  at  (P<.05) 

** 

Following  means  are  significantly 
different  at  ( P < . 0 1 ) 

a,b,c,d 

Means  with  identical  superscripts 
are  not  significantly  different  at 
levels  specified  by  *  or  ** 

*  Refers  to  factors  within  columns. 

Feeding  Effects 

Experiment  I 

The  tabulated  results  of  average  daily  feed,  average  daily  gain,  and 
feed  conversion  in  Experiment  I  are  presented  in  Tables  7,  8  and  9  res- 
pecti  vely . 

Reduced  levels  of  dietary  protein  caused  a  reduction  (P< .01)  in  feed 
intake  in  the  starting  and  growing  periods.  Protein  level  had  no  sig¬ 
nificant  effect  in  the  finishing  period,  but  was  significant  ( P< .05)  in 
the  overall  consideration.  This  reduced  feed  intake  affected  average 
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Table  7.  Experiment  I  -  Means  for  average  daily  feed 


Average  Daily  Feed  (kq/day) 

Factor 

Starter 

Grower 

Fini  sher 

Overal 1 

Treatment 

** 

** 

* 

1 

1.20® 

2.62®. 

2.50®b 

3.50 

2 . 34a 

2 

1  .20a 

3.48 

2 . 3 1 a 

3 

1J3b 

2.33d 

3.54 

2.25® 

4 

•91b 

1  . 72c 

3.24 

2.03d 

5 

.96b 

1 . 72c 

3.11 

2.03d 

Re  pi  i  cate 

0 

0 

1 

1.11 

2.28 

3.46 

2.26 

2 

1.05 

2.07 

3.29 

2.12 

Sex 

** 

M 

1 .02 

2.16 

3.47 

2.19 

F 

1.15 

2.19 

3.27 

2.19 

Overal  1 

1 .03 

2.17 

3.37 

2.19 

Table  8. 

Experiment  I  -  Means 

for  average 

daily  gain 

Average  Daily  Gain  (kg/day) 

Factor 

Starter 

Grower 

Finisher 

Overal 1 

Treatment 

** 

** 

** 

1 

.54a 

.77® 

.80 

.  70  a 

2 

.53® 

.71* 

.90 

.  70a 

3 

•45r 

.78® 

.87 

.69® 

4 

5 

•29C 

.  31c 

,52b 

,51b 

.89 

.87 

.59b 

,57b 

Replicate 

1 

.44 

.66 

.86 

.66 

2 

.41 

.65 

.88 

.64 

Sex 

'k 

M 

.39 

.66 

.88 

.64 

F 

.45 

.66 

.85 

.65 

Overal 1 

.42 

.66 

r-^ 

CO 

• 

.65 
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Table  9.  Experiment  I  -  Means  for  efficiency  of  feed  conversion 


Feed  Conversion 

(kg 

fee  d/kg  gain) 

Factor 

Starter 

Grower 

Fi  ni  sher 

Overal 1 

Treatment 

0 

** 

** 

0 

1 

2.23 

3 . 41 a 

4'48bc 

3 . 88?  c 

3.39 

2 

2.53 

3.53? 

3.28 

3 

2.51 

2.98 

4-09  C 

3.62 jC 

3.26 

4 

3.24 

3 . 29a 

3.46 

5 

3.18 

3.40a 

3.57° 

3.45 

Rep  1 i cate 

** 

* 

* 

1 

2.74 

3.45 

4.07 

3.43 

2 

2.74 

3.19 

3.79 

3.31 

Sex 

0 

M 

2.76 

3.29 

3.98 

3.41 

F 

2.72 

3.35 

3.88 

3.32 

Overall 

2.74 

3.32 

3.93 

3.37 

daily  gain 

where  there  was 

a  depression  (P< 

.01) 

in  gain  in  the 

starting 

and  growing 

periods  and  in 

the  overall  experiment,  but  not  in 

the  finish- 

ing  period. 

Feed  conversion,  however,  was 

affected  ( P < . 0 1 )  in 

the  grow- 

ing  and  finishing  periods  only,  indicating  a  compensatory  growth  effect; 
with  feed  conversion  being  most  efficient  in  treatment  3  in  the  growing 
period,  and  most  efficient  in  treatments  4  and  5  in  the  finishing  period. 
Supplementation  of  the  low  protein  diet  with  lysine  and  methionine 
(treatment  5)  in  the  starter  did  not  improve  feed  intake,  gain  or  feed 
conversion  in  any  period  above  that  of  the  low  protein  diet  (treatment  4). 

Gilts  ate  a  greater  amount  ( P< .01 )  than  barrows  during  the  starting 
period  with  faster  (P< .0 1 )  gain  but  no  significant  difference  in  feed 
conversion.  Barrows  compensated  by  higher  feed  intake  and  gain  during 
the  finishing  period  but  there  was  no  difference  in  conversion.  Gilts 
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tended  to  be  better  in  overall  feed  conversion  but  this  was  significant 
at  P< .10  only. 

Experiment  II 

Results  of  average  daily  feed  consumption,  average  daily  gain  and 
feed  conversion  in  Experiment  II  are  given  through  tables  10  to  12  in¬ 
clusive.  Feed  consumption  was  reduced  (P<.05)  with  reduced  dietary 
protein  levels  during  the  growing,  finishing  and  overall  periods,  with 
no  effect  being  observed  during  the  starting  period.  Intake  was  improved 
in  all  periods  on  diets  supplemented  with  amino  acids  relative  to  the  low 
protein  diet  (treatment  4).  Average  daily  gain  was  reduced  ( P< .01)  with 
reduced  dietary  protein  level  in  the  starting,  and  growing  periods  and 
the  overall  experiment.  Gain  was  improved  with  amino  acid  supplementation 
of  the  low  protein  diet.  Feed  conversion  was  affected  ( P< .01)  by  dietary 
protein  level  and  balance  in  all  growth  periods  and  overall,  with  a  com¬ 
pensatory  effect  being  observed  on  low  protein  diets  during  the  growing 
and  finishing  periods. 

The  effect  of  amino  acid  supplementation  on  low  protein  diets  appears 
to  be  one  of  improved  feed  intake,  improved  gain  and  improved  feed  con¬ 
version.  Feed  intake  was  improved  more  on  lysine  plus  methionine  supple¬ 
mented  diets  than  on  just  lysine  supplemented  diets  but  feed  conversion 
was  better  overall  on  lysine  supplemented  diets. 

The  performance  of  gilts  and  barrows  varied  between  growth  periods  in 
Experiment  II.  Feed  intake  and  gain  were  similar  in  the  starting  period  but 
gilts  had  lower  (P< .01)  feed  intake  and  gain  during  the  growing,  finish¬ 
ing  and  overall  periods  and  had  an  overall  better  (P<.05)  feed  conversion. 

The  only  significant  breed  difference  exhibited  was  in  the  starting 
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Table  10.  Experiment  II  -  Means  for  average  daily  feed 


Average  Daily  Feed  (kg/day) 


Factor 

Starter 

Grower 

Fi  nisher 

Overal 1 

Treatment 

* 

* 

* 

1 

1.21 

2.64* 

3.42* 

2 . 1 9  a 

2 

1 .23 

2.43? 

2.31bc 

3.24T, 

3. 37  jb 

2.18* 

3 

1 .22 

2.12° 

4 

1.13 

1-96b 

2.94° 

2.02? 

2.09bc 

2.07C 

5 

6 

Repli cate 

1.21 

1.15 

2.33°, 

2 . 16dc 

3.2°bCc 

3.28  c 

** 

** 

* 

** 

1 

1 .02 

2.15 

3.33 

2.06 

2 

1.37 

2.46 

3.16 

2.16 

Sex 

** 

** 

** 

M 

1.19 

2.48 

3.44 

2.19 

F 

1.19 

2.12 

3.04 

2.03 

Breed 

LY 

1  .21 

... 

— 

-  -  - 

HY 

1.18 

— 

... 

... 

Ove  rail 

1.19 

2.30 

3.24 

2.11 

period  and  was  related  to 

liveweight  gain 

.  Here,  LY  pigs 

gained  faster 

( P< .05)  than  HY 

pigs . 

Di  fferences 

in  feed 

intake  and  gain 

between  replicates  may  be  ex- 

plained  by  differences  in 

starting  ages  between  pigs  in  each  replicate. 

Experiments 

I  and  II 

Combined 

Tables  13, 

14  and  15 

contain  results 

of  feed  intake, 

gain  and  feed 

conversion  respectively  for  Experiments  I 

and  II  combined 

Combining 

the  results  allows  the  separation  of  possible  effects  associated  with 

replicates  over  a  prolonged  time  period.  Feed  intake  was  reduced 

(p< .0 1 )  on  low  dietary  protein  sequence  diets  (treatment  4)  in  starting, 
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Table  11.  Experiment  II  -  Means  for  average  daily  gain 


Average 

Daily  Gain  (kg/day) 

Factor 

Starter 

Grower 

Fi  ni  sher 

Overal  1 

Treatment 

** 

** 

** 

1 

.55a 

.  74?b 

.87 

.  70  a 

2 

•54h 

,7(f 

.92 

.69* 

3 

•47d 

.77 

.95 

•70b 

4 

.  32d 

•56h 

.84 

*57a 

5 

•41r 

72b 
!  73ab 

.92 

.65* 

6 

.39° 

.97 

.67a 

Rep  1 i cate 

** 

0 

* 

** 

1 

.37 

.69 

.95 

.65 

2 

.53 

.72 

.88 

.68 

Sex 

M 

.44 

** 

.73 

** 

.96 

** 

.68 

F 

.46 

.67 

.86 

.65 

Breed 

LY 

* 

.46 

HY 

.43 

—  —  — 

—  —  “ 

- — 

Overal 1 

.45 

.70 

.91 

.66 

growing  and  overall  periods.  Feed  intake  was  still  reduced  ( P< .05) 
during  the  finishing  period  in  treatment  4.  Supplements  of  amino  acids 
to  the  low  protein  diet  during  the  starting  period  had  no  significant 
effect  on  feed  intake.  Associated  with  a  reduced  feed  intake  on  low 
protein  sequence  diets  was  a  depression  (Pc.Ol)  in  average  daily  gain  in 
the  starting,  growing  and  overall  periods.  Gain  was  also  depressed 
( p< .05)  in  the  finishing  period.  There  was  less  effect  on  gain  as  the 
pigs  aged,  indicating  a  compensatory  growth  response  as  dietary  protein 
became  less  critical  for  normal  growth.  In  the  starting  period,  addition 


40 


Table  12.  Experiment  II  -  Means  for  efficiency  of  feed  conversion 


Feed  Conversion 

(kg  feed/kg  gain) 

Factor 

Starter 

Grower 

Finisher 

Overal 1 

Treatment 

** 

** 

3. 30b 

** 

** 

1 

2 . 1 9  c 

3.95? 

3.09? d 
3.15bc 
3.04° 
3.52a 

2 

3 

4 

2.285 

2 . 71b 
3-57b 

3.48a 

2.98c 

3.56a 

3.53° 

3-57? 

3.50bc 

5 

2‘98b 

3. 01^ 

3. 38C 

3.20° 

3. 10cd 

6 

2.99° 

2 . 96  c 

3 . 36  c 

Repli cate 

1 

2.86 

3.16 

3.51 

3.20 

2 

2.71 

3.26 

3.58 

3.17 

Sex 

* 

M 

2.77 

3.24 

3.55 

3.23 

F 

2.80 

3.19 

3.54 

3.13 

Breed 

L  LY 

2.73 

_  _  «. 

_  _  _ 

_  _  „ 

HY 

2.84 

--- 

— 

— 

Overal 1 

2.79 

3.21 

3.55 

3.18 

of  lysine  and  methionine  improved  gain  to  a  level  above  that  of  pigs  fed 
the  low  protein  diet  but  less  than  that  of  pigs  fed  higher  levels  of  pro¬ 
tein. 

Feed  conversion  efficiency  was  depressed  ( P < . 0 1 )  in  the  starting  per¬ 
iod  on  pigs  fed  low  levels  of  protein,  but  was  improved  with  the  addition 
of  lysine  and  methionine  to  the  low  protein  diet.  Feed  conversion  im¬ 
proved  on  low  protein  diets  relative  to  the  higher  protein  diets  with  in¬ 
creased  age  of  the  pigs,  and  in  the  finishing  period,  feed  conversion  was 
best  on  the  lowest  sequence  of  dietary  protein  fed.  This  again  illustrated 


' 
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Table  13.  Experiments  I  and  II  combined  -  Means  for  average  daily  feed 


Factor 

Average  Daily 

Feed  (kg/day) 

Starter 

Grower 

Fi  ni  sher 

Overall 

Treatment 

** 

** 

* 

** 

1 

1.21? 

2.63? 

3.46a 

2.26a 

2 

1 .22® 

1 . 1 7ab 

2.46° 

3. 36a 

2.24a 

3 

2 . 32  j 

3.45? 

2.19? 

4 

5 

1.02? 

1 .09bc 

1 .84° 

3.09° 

2.02° 

Experi  ment 

I 

1 .08 

2.29 

3.44 

2.23 

II 

1.20 

2.33 

3.24 

2.13 

Repli cate 

** 

* 

* 

1 

1 .07 

2.31 

3.44 

2.20 

2 

1  .21 

2.31 

3.24 

2.16 

Sex 

* 

* 

** 

M 

1 .11 

2.39 

3.48  ' 

2.21 

F 

1.17 

2.23 

3.20 

2.14 

Overall 

1.14 

2.31 

3.34 

2.18 

a  compensatory  growth  response  with  increased  age. 

Although  barrows  ate  less  ( P< .05)  in  the  starting  period,  they  ate 
more  ( P< .05)  in  the  growing  period  and  more  ( P< . 0 1 )  in  the  finishing 
period.  For  the  entire  experiment,  there  was  no  overall  difference  in 
feed  intake  between  the  sexes.  Barrows  gained  slower  ( P<  .01)  in  the 
starting  period,  but  faster  (P< .01)  in  the  finishing  period;  there  being 
no  significant  differences  in  the  growing  and  overall  periods.  Gilts 
were  more  efficient  (P<  .01)  in  feed  conversion  when  considered  through 
all  growth  periods,  but  exhibited  no  significant  difference  within  each 
growth  period. 


. 

' 

' 
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Table  14. 

Experiments  I  and  II 

combi ned 

-  Means  for  average 

dai  ly  gai  n 

Factor 

Average 

Dai  ly  Gai n  (kg/day) 

Starter 

Grower 

Finisher 

Overall 

Treatment 

** 

** 

* 

** 

1 

.54a 

.76? 

.83b 

.  70? 

2 

•  54? 

,70b 

,91a 

.  70  a 

3 

.46b 

.  78a 

.91  a 

•70? 

4 

31c 

.Oil 

.54c 

.87° 

,58b 

5 

,36d 

--- 

-  -  - 

Experiment 

I 

.42 

.69 

.86 

.67 

II 

.46 

.69 

.89 

.67 

Re  pi  i  cate 

** 

* 

0 

1 

.41 

.69 

.89 

.66 

2 

.47 

.69 

.87 

.67 

Sex 

X* 

** 

M 

.42 

.71 

.91 

.67 

F 

.46 

.68 

.85 

.67 

Overal 1 

.44 

.69 

.88 

.67 

A  highly  significant  ( P < . 0 1 )  treatment  x  sex  interaction  was  obser¬ 
ved  on  overall  feed  conversion  (Appendix  A),  Gilts  were  more  efficient 
converters  of  high  protein  diets  than  barrows  with  less  effect  as  dietary 
protein  levels  decreased.  A  significant  (P<.05)  treatment  x  sex  inter¬ 
action  was  also  noted  in  feed  intake  during  the  growing  period.  Here, 
feed  intake  was  consistently  higher  for  barrows  than  gilts  except  in  the 
lowest  protein  diet  (treatment  4),  in  which  gilts  ate  more  than  barrows. 
Highly  significant  ( P < . 0 1 )  interactions  between  sex  x  experiment  were  ob¬ 
served  between  feed  intake  during  the  starting  and  growing  periods,  and 
liveweight  gain  during  the  finishing  and  overall  periods.  Although 
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Table  15. 

Experiments  I 
conve  rsi  on 

and  II  combined  -  Means 

for  efficienty 

of  feed 

Feed  Conversion  (kg 

feed/kg  gain) 

Factor 

Starter 

Grower 

Fi  nisher 

Overal 1 

Treatment 

** 

** 

** 

** 

1 

2 . 2 1 a 

3.35^ 

4.21? 

3.24° 

2 

2.40a 

3  •  5 1  j 

3‘70b 

3. 21 . 

3 

2 . 6 1 a 

2.98? 

3.42° 

3.83° 

3.15^ 

4 

3-41h 

3 . 56  c 

3 . 49  a 

5 

3.08° 

— 

— 

- - 

Experi ment 

I 

2.74 

3.30 

4.02 

3.35 

II 

2.75 

3.33 

3.63 

3.20 

Repli cate 

** 

** 

** 

1 

2.78 

3.35 

3.88 

3.31 

2 

2.71 

3.28 

3.77 

3.24 

Sex 

** 

M 

2.75 

3.33 

3.86 

3.32 

F 

2.74 

3.30 

3.79 

3.22 

Overal 1 

2.74 

3.31 

3.83 

3.27 

barrows  generally  ate  less  and  gained  slower  than  gilts  in  Experiment  I 
the  opposite  occurred  in  Experiment  II. 

Experiment  III 

Tabulated  results  of  feed,  growth  and  feed  conversion  data  in  Exper¬ 
iment  III  are  presented  in  Tables  16,  17  and  18.  Although  variations  in 
feed  intake  occurred  they  did  not  reach  significance.  Feed  intake  tended 
to  be  reduced  with  lower  levels  of  dietary  protein  in  the  starting  period 
but  was  less  evident  in  later  growth  periods.  Lysine  and  methionine  supp¬ 
lements  tended  to  improve  feed  intake,  but  this  was  not  significant.  Aver¬ 
age  daily  gain  also  tended  to  be  depressed  as  dietary  protein  level  de- 
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Table  16.  Experiment  III  -  Means  for  average  daily  feed 


Average  Daily  Feed  (kg/day) 

Factor 

Starter 

Grower  Finisher 

Overal  1 

Treatment 


1 

.79 

1 .46 

2.18 

1.75 

2 

.82 

1 .61 

2.58 

2.02 

3 

.66 

1 .50 

2.75 

2.01 

4 

.56 

1.22 

2.17 

1.67 

5 

.62 

1.43 

2.36 

1 .81 

Re pi i cate 

1 

.67 

1 .43 

2.31 

1 .80 

2 

.70 

1 .46 

2.51 

1.90 

Overal  1 

.69 

1.45 

2.41 

1.85 

Table  17. 

Experiment  III 

-  Means  for  average 

dai  ly  gain 

Average  Daily  Gain  (kg/day) 

Factor 

Starter 

Grower 

Finisher 

Overal  1 

Treatment 

1 

.42 

* 

.57* 

.81 

•64b 

2 

.40 

.55* 

.76 

.62^ 

3 

.33 

•57b 

.81 

•66b 

4 

.23 

•33ab 

.78 

V58b 

5 

.32 

,47aD 

.81 

.63u 

Re  pi i cate 

1 

.34 

.47 

.77 

.61 

2 

.36 

.53 

.80 

.64 

Sex 

M 

.34 

.53 

** 

.84 

** 

.65 

F 

.36 

.47 

.73 

.59 

Overal 1 

LO 

CO 

• 

.50 

.78 

.63 

. 
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Table  18.  Experiment  III  -  Means  for  efficiency  of  feed  conversion 


Feed  Conversion  (kg  feed/kg  gain) 

Factor 

Starter 

Grower  Finisher 

Overal  1 

Treatment 


1 

1.87 

2.56 

3.07 

2.93 

2 

2.11 

3.02 

3.49 

3.29 

3 

1.94 

2.63 

3.44 

3.08 

4 

2.02 

3.87 

2.85 

2.94 

5 

1.82 

3.04 

2.97 

2.89 

Rep  1  i  cate 

1 

1.96 

3.22 

3.10 

2.98 

2 

1 .93 

2.82 

3.23 

3.07 

Overal 1 

1  .95 

3.02 

3.16 

3.02 

dined  in  the  starting  period  and  was  less  (P< .05)  in  the  growing  period. 
There  were  no  significant  effects  in  the  finishing  period  but  significance 
( P< .05 )  was  noted  in  overall  average  daily  gain  between  treatments  with 
pigs  in  treatment  3  gaining  fastest.  Supplementation  of  low  protein 
diets  with  lysine  and  methionine  improved  rate  of  gain  equivalent  to  gain 
on  higher  dietary  protein  levels.  No  significant  differences  in  feed 
conversion  related  to  dietary  protein  level  were  noted  but  pigs  fed  lower 
levels  of  protein  in  earlier  periods  tended  to  be  more  efficient  in  feed 
conversion  during  the  finishing  period.  Again,  lysine  and  methionine 
supplements  had  little  effect  on  feed  conversion  efficiency. 

Although  gilts  gained  slightly  faster  than  barrows  during  the  start¬ 
ing  period,  barrows  gained  faster  than  gilts  in  subsequent  periods;  with 
the  difference  being  highly  significant  ( P< .0 1 )  in  the  finishing  and  over¬ 
all  periods. 

A  significant  (P<.05)  treatment  x  sex  interaction  in  overall  average 


* 


s 
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daily  gain  was  observed;  gilts  showed  a  decline  in  gain  between  treat¬ 
ments  1  and  2  with  an  increase  in  gain  between  treatments  2  and  3  but 
barrows  exhibited  opposite  trends  in  this  comparison.  Between  treatments 
3,  4  and  5  however,  barrows  and  gilts  responded  in  similar  fashion. 

Overall  Discussion 

The  reduced  feed  intake  generally  observed  on  low  protein  diets 
in  all  experiments  could  be  the  result  of  an  inadequate  dietary  pro¬ 
tein  level  relative  to  energy  level  or  it  could  be  associated  with  an 
amino  acid  imbalance.  The  concept  of  an  amino  acid  imbalance  was  re¬ 
viewed  by  Elvehjem  (1956)  as  were  amino  acid  antagonisms  and  toxi cities. 
Amino  acid  imbalances  are  further  discussed  by  Harper  and  Kumpta  (1959). 
Harper  (1964)  defines  an  amino  acid  imbalance  as  "a  change  in  the  pro¬ 
portions  of  amino  acids  in  a  diet  which  results  in  a  depression  in 
food  intake  or  growth  rate  that  can  be  completely  prevented  by  a  supple¬ 
ment  of  the  i ndispensible  amino  acid  present  in  least  amount  required  for 
optimum  performance" .  Smith  and  Lewis  (1966)  reduce  all  interactions 
between  amino  acids  to  antagonisms  between  pairs  of  amino  acids  which 
are  members  of  small  groups  among  which  interaction  is  possible. 

The  general  improvement  in  feed  intake  and  gain  on  the  low  protein 
diet  (treatment  4)  upon  supplementation  with  lysine  plus  methionine 
(Experiment  I,  II,  III)  or  lysine  (Experiment  II)  is  consistent  with 
what  would  be  expected  on  correction  of  an  amino  acid  imbalance  as  de¬ 
fined  by  Harper  (1964).  However,  improved  feed  intake  and  gain  could 
also  be  due  to  an  improvement  of  the  ratio  between  essential  and  non- 
essential  amino  acids  in  the  diet  (Mitchell  et  al  ,  1968a)  which  could 
be  considered  as  an  improvement  in  amino  acid  balance  but  not  as  defined 
by  Harper  (1964) . 


» 
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The  general  depression  in  feed  intake,  average  daily  gain  and  feed 
conversion  efficiency  on  low  protein  diets  (treatment  4)  were  obvious  dur¬ 
ing  the  starting  period  only.  In  the  growing  and  finishing  periods, 
average  daily  feed,  average  daily  gain  and  especially  feed  conversion 
efficiency  were  improved  on  low  protein  or  amino  acid  supplemented  diets 
compared  with  higher  protein  diets.  This  effect  could  be  termed  one  of 
compensatory  growth  and  has  previously  been  observed  (O' Grady  and  Bowl and^ 
1971;  Wy 11 i e  et  al ,  1969;  Robinson,  Morgan  and  Lewis,  1964a;  Bowland  and 
Berg,  1959).  As  dietary  protein  became  a  less  limiting  factor  during 
later  periods  of  growth,  pigs  fed  low  protein  levels  in  earlier  periods 
utilized  feed  more  efficiently  for  conversion  into  liveweight  gain. 

Generally,  feed  intake  was  greater  in  barrows  than  gilts,  as  has 
been  observed  previously  (Skitsko  and  Bowland,  1970a;  Young  et  al ,  1968; 
Blair  and  English,  1965).  In  the  present  experiments,  however,  barrows 
ate  more  than  gilts  during  growing,  finishing  and  overall  periods,  but 
females  consumed  feed  equal  to  or  greater  than  that  consumed  by  barrows 
in  the  starting  period.  It  has  been  observed  previously  (Anderson  and 
Bowland,  1967)  that  sex  of  pigs  has  little  effect  on  feed  intake  or  gain 
in  the  early  starting  period. 

Carcass  Effects 

Before  discussing  the  effects  of  diet,  breed  and  sex  on  carcass 

quality,  it  is  necessary  to  review  current  methods  of  measuring  and 

determining  carcass  quality.  In  Canada,  measurements  of  carcass  quality 

have  been  based  on  the  recently  revised  'hog  carcass  valuation  system' 

(Canada  Department  of  Agriculture,  1968);  the  old  ROP  Index  (Fredeen, 

2 

1966),  herein  called  ' 0 R0 P ' ;  and  the  recently  revised  new  ROP  Index  , 
i  Unpubl ished  data 

^  Fredeen,  H.T.,  personal  communication 
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herein  called  'NROP'. 

One  major  reason  that  the  new  carcass  valuation  system  was  initiated 
was  because  the  old  grading  system  did  not  closely  reflect  ranges  of  diff¬ 
erences  in  individual  carcass  values  between  or  within  grades.  This  new 
system  was  also  developed  to  encourage  the  producer  to  produce  leaner 
carcasses  (Canada  Department  of  Agriculture,  1968). 

The  carcass  valuation  index  is  determined  from  total  backfat  and 
warm  carcass  weight.  Total  backfat  is  defined  as  the  sum  of  maximum  depth 
of  shoulder  fat  plus  maximum  depth  of  loin  fat,  measured  to  the  nearest 
tenth  of  an  inch.  Carcass  weight  is  the  warm,  dressed  weight  of  the  hog. 
These  two  measurements  are  applied  to  what  is  termed  a  "Table  of  Differ¬ 
entials".  The  first  column  of  this  table  shows  the  total  of  the  two  back¬ 
fat  measurements  and  the  first  row  carcass  weight.  From  this  table  the 
grade  index  is  determined. 

Market  bids  for  hogs  are  made  on  a  warm,  dressed  weight  basis;  the 
bid  price  is  based  on  a  carcass  with  an  index  of  "100".  Carcasses  that 
have  an  index  of  greater  than  100  (less  backfat  relative  to  warm  carcass 
weight)  are  worth  that  fraction  more  per  pound,  while  those  carcasses 
showing  an  index  of  less  than  100  are  worth  that  fraction  less  per  pound. 

The  0R0P  index  is  a  measurement  of  carcass  quality  as  determined  by: 
0R0P  =  55.26  -  2.115(A)  +  .937(B)  +  .124(0  +  .604(D)  +  .456(E)  -  .063(F) 
where : 

A  =  Total  Backfat  (sum  of  shouler,  back  and  loin,  in) 

B  =  Loin  Area  (Area  of  loin  at  14th  rib,  sq  in) 

C  =  Lean  in  Ham  Face  [%) 

D  =  Ham/Carcass  (%) 

E  =  Carcass  Length  (in) 

F  =  Carcass  Weight  (lb) 

The  NROP  index  is  determined  by: 
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NROP  =  51.68  -  3.234(G)  +  1.0381(H)  +  .485(1)  +  11.766(J)  +  (K) 
where : 

G  =  Total  Backfat  (sum  of  shoulder,  back  and  loin,  in) 

H  =  Loin  Area  (Area  of  Loin  at  1 4th  rib,  sq  in) 

I  =  Ham/Carcass  (%) 

J  =  Area  Lean  of  Ham/Ham  Weight  (sq  in/lb) 

K  =  Sex  Correction  Factor  (+1.1  percent  for  barrows;  -1.1  percent 
for  gi  Its) ' 

Experiment  I 

Factor  means  of  slaughter  age  and  carcass  data  for  Experiment  I 
are  presented  in  Table  19.  Slaughter  age  was  not  affected  by  diet  in 
treatments  1,  2  or  3.  However,  feeding  the  low  protein  diet  sequence, 
with  or  without  lysine  plus  methionine  during  the  starting  period 
caused  an  increase  ( P< .01 )  in  age  at  slaughter.  No  differences  in 
slaughter  age  were  observed  between  low  protein  diets  or  a  low  protein 
diet  supplemented  with  lysine  and  methionine  during  the  starting  period 
( treatments  4  and  5) . 

Trends  ( P< . 10)  were  noted  between  treatments  on  ham/carcass  (%); 
lean  in  ham  face  {%)  and  lean  area  ham/ham  weight.  In  comparison  with 
treatments  1,  2  and  3,  treatments  4  and  5  tended  to  have  less  ham/car¬ 
cass  (%)  but  treatment  5  was  superior  to  treatment  4  in  lean  in  ham 
face  (%)  and  lean  area  ham/ham  weight. 

A  significant  (P<.05)  treatment  x  sex  interaction  (Appendix  A) 
was  noted  wherein  barrows  had  increased  lean  area  ham/ham  weight  with 
lysine  plus  methionine  supplements  but  gilts  did  not. 

Gilts  had  less  ( P< .01)  total  backfat  and  tended  ( P< .10)  to  have 
larger  loin  area  and  greater  ham/carcass  [%)  than  barrows.  Gilts  also 
had  highly  significantly  (P< .01 )  more  lean  in  ham  face  (%) ,  longer  car- 


1 


No  sex  correction  was  made  in  this  analysis 


. 


Table  19.  Experiment  I  -  Means  for  slaughter  age  and  carcass  data 
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casses,  higher  NROP  and  OROP  ratings  and  a  higher  grade  index  than  bar- 
rows.  This  indicated  that  gilts  produced  higher  quality  carcasses  than 
barrows,  irrespective  of  treatment. 

No  significant  differences  related  to  any  factor  were  noted  in  car¬ 
cass  weight  or  dressing  %. 

Experiment  II 

Tabulated  results  of  Experiment  II  slaughter  age  and  carcass  data 
are  presented  in  Table  20. 

Slaughter  age  was  not  affected  by  diet  in  treatments  1,  2,  3,  5  or 
6.  An  increase  (P<.01)  in  slaughter  age  occurred  in  treatment  4.  Supple¬ 
mentation  of  the  low  protein  diet  sequence  (treatment  4)  with  methionine 
and  lysine  or  lysine  (treatments  5  and  6  respectively)  in  all  growth 
periods  improved  growth  rate  such  that  slaughter  age  was  no  longer  sig¬ 
nificantly  different  to  pigs  fed  higher  level  protein  diets. 

Loin  area  was  influenced  ( P< . 0 1 )  by  dietary  treatment  as  was  car¬ 
cass  length.  Feeding  the  low  protein  diet  (treatment  4)  resulted  in  a 
reduction  in  loin  area  but  supplements  of  lysine  and  methionine  or  lysine 
(treatment  5  and  6  respectively)  caused  an  increase  in  loin  area  above 
that  of  pigs  fed  treatments  1,  2  or  3.  Carcass  length  was  reduced  in 
treatment  4  and  was  increased  by  amino  acid  supplements. 

Trends  (P<.10)  were  noted  in  lean  in  ham  face  (%),  OROP  and  grade 
index  between  treatments.  Supplementation  with  amino  acids  generally 
improved  lean  in  ham  face  (%),  OROP  and  grade  index  above  that  of  treat¬ 
ment  4  but  not  to  a  level  equal  to  higher  levels  of  protein  fed  (treat¬ 
ments  1 ,  2  and  3) . 

Several  highly  significant  ( P< .01)  differences  were  noted  between 
sexes.  Barrows  had  more  total  backfat,  less  loin  area,  less  ham/carcass 


Table  20.  Experiment  II  -  Means  for  slaughter  age  and  carcass  data 
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(%),  less  lean  in  ham  face  (%) ,  lower  OROP  and  NROP  ratings,  and  also 
shorter  ( P< . 05 )  carcasses  and  less  days  of  age  at  slaughter  than  gilts. 
Barrows  also  tended  ( P< .  1 0 )  to  be  lower  in  dressing  %  than  gilts. 

Differences  between  breeds  were  also  noted.  LY  pigs  had  highly  sig¬ 
nificantly  ( P< .01)  more  total  backfat  and  shorter  carcasses  and  lower 
( P< .05)  grade  indexes  than  HY  pigs;  but  HY  pigs  had  less  ( P< .05)  ham/ 
carcass  (%)  and  tended  ( P< .10)  to  be  lower  in  dressing  %  than  LY  pigs. 

Significant  ( P< .05 )  breed  x  treatment  interactions  were  noted 
(Appendix  A)  in  total  backfat,  loin  area,  carcass  length,  NROP  and  OROP. 
Total  backfat  was  more  reduced  on  low  protein  diets  in  HY  than  LY  pigs. 

HY  pigs  were  more  responsive  to  amino  acid  supplementation  in  loin  area 
than  LY  pigs.  HY  pigs  generally  had  longer  carcasses  than  LY  pigs  but 
the  reverse  was  true  on  low  protein  diets.  However,  HY  pigs  had  higher 
ROP  ratings  than  did  the  LY  pigs  on  low  protein  or  amino  acid  supple¬ 
mented  diets.  A  highly  significant  (P< .01 )  breed  x  treatment  inter¬ 
action  (Appendix  A)  was  noted  on  carcass  weight.  Carcass  weight  was 
less  in  HY  than  LY  pigs  fed  low  protein  diets.  Also,  a  significant 
( P< .05 )  treatment  x  sex  interaction  (Appendix  A)  was  noted  in  Experiment 
II.  Although  lean  area  ham/ham  weight  was  not  affected  by  sex  or  treat¬ 
ment  alone,  barrows  showed  more  response  to  amino  acid  supplements  than 
did  gilts. 

Experiments  I  and  II  Combined 

Experiments  I  and  II  combined  are  considered  in  Table  21  which  gives 
the  factor  means  contributing  to  measurements  of  carcass  quality.  Factor 
means  of  slaughter  age  are  also  given. 

Feeding  a  low  protein  diet  (treatment  4)  caused  an  increase  (P<.01) 
in  slaughter  age  in  comparison  with  pigs  fed  the  other  diets.  Dietary 


Table  21.  Experiments  I  and  II  combined  -  Means  for  slaughter  age  and  carcass  data 
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treatment  had  an  effect  ( P< .01)  on  loin  area,  with  treatment  3  producing 
the  largest  loin  area  in  pigs,  followed  by  treatments  2,  1  and  4  respect¬ 
ively.  Lean  in  ham  face  {%)  was  reduced  (P<.05)  by  low  dietary  protein 
sequence  feeding  as  was  grade  index.  0R0P  tended  ( P< .10)  to  be  reduced 
on  the  lowest  protein  level  sequence  fed  (treatment  4). 

Several  highly  significant  ( P< .01)  effects  were  noted  between  sexes. 
Gilts  had  less  total  backfat,  larger  loin  area,  more  ham/carcass  (%) ,  more 
lean  in  ham  face  (%),  longer  carcasses  and  higher  NROP  and  0R0P  ratings 
than  barrows.  Gilts  also  had  a  better  ( P< .05 )  grade  index  but  were  older 
( P< -05 )  at  slaughter  than  barrows. 

A  significant  ( P< .05)  treatment  x  sex  interaction  (Appendix  A)  was 
noted  in  lean  in  ham  face  (%).  Although  gilts  had  consistently  more  lean 
in  ham  face  (%)  than  barrows  and  a  general  decline  in  lean  in  ham  face 
(%)  was  observed  as  dietary  protein  level  fell;  barrows  exhibited  an 
improvement  from  treatment  1  to  2;  gilts  exhibited  the  reverse.  From 
treatment  2  to  treatment  3,  barrows  showed  a  reduction  in  lean  in  ham 
face  {%)  whereas  gilts  had  an  increase.  Both  barrows  and  gilts  exhibited 
a  reduced  lean  in  ham  face  (%)  in  treatment  4,  with  barrows  being  more 
affected. 

In  many  of  these  complex  interactions,  no  specific  interpretations 
can  be  made  and  no  definite  reason  advanced  for  the  interactive  effects. 

Experiment  III 

In  Experiment  III,  carcass  data  and  slaughter  age  (Table  22)  were 
not  affected  by  treatment  but  barrows  had  more  ( P< . 0 1 )  total  backfat  and 
higher  ( P< .05)  dressing  %,  lower  grade  index  and  reduced  age  at  slaugh¬ 
ter  in  comparison  with  gilts.  There  was  a  tendency  ( P< .  1 0)  for  barrows 
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Table  22. 

Experiment  III  - 

Means  for 

slaughter  age 

and  carcass 

data 

Factor 

SI  aughter 
age 
days 

Carcass 
wei ght 

kg 

Dressi  ng 

l 

Total  i 
backfat 
cm 

Grade 

index 

Treatment 

1 

175 

70.7 

77.7 

8.2 

100.3 

2 

179 

70.5 

77.5 

7.9 

101.1 

3 

169 

71  .6 

78.4 

8.1 

101 .4 

4 

186 

70.6 

77.7 

8.0 

101.4 

5 

176 

71.4 

78.5 

8.3 

100.5 

Repli cate 

1 

180 

70.7 

77.7 

8.0 

101.3 

2 

174 

71  .2 

78.3 

8.2 

100.5 

Sex 

* 

0 

* 

** 

* 

M 

172 

71.6 

78.5 

8.6 

99.3 

F 

182 

70.3 

77  A 

7.6 

102.4 

Overal 1 

177 

* 

71  .0 

78.0 

8.1 

100.9 

^  Sum  of 

shoulder  and  loin 

fat 

to  have  heavier  carcasses  and  this  difference  might  have  had  a  minor  in¬ 
fluence  on  comparisons  between  gilt  and  barrow  carcasses. 

No  interactions  between  treatment,  replicate,  or  sex  on  carcass  data 
were  noted. 

Overall  Discussion 

Feeding  a  low  protein  diet  throughout  (treatment  4)  had  a  highly 
significant  ( P< .01)  effect  on  slaughter  age  except  in  Experiment  III 
where  no  differences  were  noted.  This  general  increase  in  slaughter  age 
was  due  to  an  overall  reduction  in  average  daily  gain  in  pigs  fed  low 
protein  diets  similar  to  that  observed  previously  (Davey  and  Morgan,  1969; 
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Young  et  al ,  1968;  Seymour  et  al ,  1964).  An  increase  in  slaughter  age 
on  low  protein  diets  was  also  reported  by  Clawson  (1967).  A  reduced 
slaughter  age  with  amino  acid  supplements  due  to  increased  average  daily 
gain  was  obtained  in  the  present  experiment  and  has  also  been  observed 
with  lysine  supplementation  (Dent  et  al ,  1970;  Wahlstrom,  Taylor  and 
Seerley,  1970;  Nielson  et  al ,  1963)  and  simultaneous  lysine  and  meth¬ 
ionine  supplementation  (Bayley  and  Summers,  1968;  Meade  et  al ,  1965). 

No  treatment  effects  on  total  backfat  were  observed  in  any  experiment. 
This  lack  of  influence  of  protein  level  on  backfat  thickness  is  in  agree¬ 
ment  with  Jurgens  et  al  (1967)  and  Clawson  et  al  (1962).  The  observation 
that  supplements  of  lysinehaveno  effect  on  backfat  thickness  has  also 
been  noted  (Meade,  Dukelow  and  Grant,  1966;  Reimer,  Meade  and  Grant,  1964) 
as  has  lack  of  effect  from  simultaneous  lysine  and  methionine  addition 
(Meade,  Dukelow  and  Grant,  1966;  Reimer,  Meade  and  Grant,  1964). 

Although  treatment  had  no  significant  effect  on  loin  area  in  Exper¬ 
iment  I,  highly  significant  differences  were  observed  in  Experiment  II. 

A  reduction  in  loin  area  on  pigs  fed  low  protein  diets  is  consistent  with 
observations  of  Bell  and  Voldeng  (1968),  Hale  and  Southwell  (1967),  and 
Seerley,  Poley  and  Wahlstrom  (1964).  Supplemental  amino  acids  increased 
loin  area  above  that  of  diets  not  supplemented,  in  agreement  with  reports 
by  Cahilly  et  al  (1963),  Vipperman  et  al  (1963)  and  Clawson,  Barrick  and 
Smart  (1963);  but  contrary  to  Meade,  Dukelow  and  Grant  (1966)  and  Reimer, 
Meade  and  Grant  (1964). 

Treatment  generally  had  no  effect  on  dressing  percentage,  in  agree¬ 
ment  with  Meade  et  al  (1969a,  1969b)  and  Jurgens  et  al  (1967)  but  contrary 
to  Wagner  et  al  (1963).  As  discussed  in  the  literature  review,  the  var¬ 
iability  of  results  in  previously  reported  studies  can  generally  be  re- 
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conciled  on  the  basis  of  protein  and  amino  acid  levels  in  the  diets  being 
compared. 

Several  differences  between  sexes  in  carcass  measurements  irres¬ 
pective  of  treatment  were  observed.  Gilts  had  consistently  less  total 
backfat  than  barrows,  in  agreement  with  Friend  and  MacIntyre  (1970), 

Skitsko  and  Bowland  (1970a),  Wagner  et  al  (1963)  and  Bowland  and  Berg 
(1959).  Gilts  also  had  more  loin  area  than  barrows  which  has  been  ob¬ 
served  previously  by  Skitsko  and  Bowland  (1970a),  Bruner  and  Swiger  (1968), 
Bell  (1965)  and  Robinson,  Morgan  and  Lewis  (1964b).  Gilts  also  tended 
to  have  greater  carcass  length  than  barrows,  as  reported  previously  by 
Hale  and  Southwell  (1967),  Bell  (1965),  Robinson,  Morgan  and  Lewis  (1964b) 
and  Bowland  and  Berg  (1959).  Gilts  have  previously  been  shown  to  have 
greater  ham/carcass  (%)  (Skitsko  and  Bowland,  1970;  Young  et  al ,  1968). 

A  generally  greater  ham  of  carcass  {%)  by  gilts  may  be  considered  as 
overall  criteria  for  leaner  carcasses  for  gilts  than  barrows  which  agrees 
with  most  other  observations  (Cahilly  et  al,  1963;  Wagner  et  al ,  1963; 
Bowland  and  Berg,  1959).  Differences  between  sexes  in  ROP  ratings  and 
grade  index  with  gilts  being  superior  may  be  considered  as  indicative  of 
the  ability  of  gilts  to  produce  superior  carcasses  compared  with  barrows. 
However,  using  the  'sex  correction  factor'  in  NROP  removed  the  differences 
between  sexes  as  reported  in  this  study. 

Results  of  the  carcass  evaluation  in  Experiment  II  would  indicate 
that  HY  pigs  were  the  superior  breed  in  carcass  quality.  HY  pigs  had 
less  total  backfat,  longer  carcasses  and  a  better  grade  index  than  LY 
pigs,  and  tended  to  reach  slaughter  at  an  earlier  age. 

Metabolism  Trials 


Means  of  protein  digestibility  and  N-retention,  and  DE  and  ME  are 
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presented  in  Tables  23  and  24  respecti vely . 

There  were  no  differences  in  feed  intake  during  the  metabolism 
periods.  There  were  differences  ( P< .  05 )  in  N  digested  (g)  with  pigs 
fed  higher  levels  of  protein  digesting  more  N  on  a  daily  basis,  as  would 
be  expected.  Protein  digestibility  (%)  was  not  affected  by  dietary  pro¬ 
tein  level  or  balance  but  tended  to  be  higher  on  higher  levels  of  die¬ 
tary  protein.  N-retention  of  gross  N  (%)  was  not  significantly  affected 
at  any  level,  but  g  N  retained  as  a  percentage  of  gross  N  tended  to  be 
more  on  low  protein  diets.  N-retention  of  digestible  N  (DN)  (%)  tended  to 
be  higher  on  lower  protein  diets,  but  again,  none  of  these  values  were 
significantly  different  at  any  level. 

No  significant  differences  were  noted  between  breed  or  sex  in 
relation  to  any  measurements  of  protein  digestibility  or  N-retention. 
Significant  ( P< . 05)  interactions  were  noted  in  daily  feed  and  N-retention 
of  DN  (%}  between  breed  and  sex.  LY  barrows  ate  less  and  retained  less 
N  of  DN  (%)  than  HY  barrows,  but  HY  gilts  ate  less  and  retained  less  N 
of  DN  (%)  than  LY  gilts. 

A  tendency  for  protein  digestibility  [%)  to  be  higher  at  higher  die¬ 
tary  protein  levels  would  be  in  agreement  with  McConnell,  Barth  and  Griffin 
(1971),  Standish  and  Bowland  (1967),  and  Greeley  et  al  (1964).  A  tendency 
for  N-retention  (%)  to  be  improved  as  dietary  protein  level  was  decreased 
is  in  agreement  with  Rutledge,  Hanson  and  Meade  (1961).  However,  in  the 
present  study,  none  of  these  trends  were  significant  at  any  level,  conse¬ 
quently,  any  conclusions  drawn  would  be  speculative  only. 

Significant  (P< .05)  differences  were  noted  in  DE/kg  feed,  ME/kg  feed, 
ME  as  %  of  DE  and  calculated  ME,  which  were  not  related  to  dietary  protein 
level  or  balance.  These  values  could  probably  be  related  to  gross  energy 


Table  23.  Experiment  II  -  Means  for  protein  digestibility  and  N-retention 
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Table  24.  Experiment  II  -  Means  for  digestible  and  metabolizable  energy 
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values  of  the  feed  and  not  directly  due  to  differences  between  treat¬ 
ments.  However,  this  does  not  explain  significant  ( P< . 05 )  differences 
between  treatment  on  ME  as  %  of  DE  where  no  definite  trends  related  to 
treatment  could  be  established.  Significant  ( P< .05 )  differences  between 
sex  were  noted  in  ME  as  °l  of  DE  with  barrows  having  higher  values  as  did 
LY  pigs  over  HY  pigs  at  the  ( P< . 1 0 )  level.  No  other  differences  between 
breed  or  sex  were  noted. 

A  significant  (P<.05)  breed  x  sex  interaction  was  observed  in  ME 
as  %  of  DE.  LY  barrows  had  higher  values  than  HY  barrows  but  HY  gilts 
had  higher  values  than  LY  females.  A  significant  ( P< .05 )  breed  x  treat¬ 
ment  interaction  was  also  noted  on  ME  as  %  of  DE.  HY  pigs  generally 
had  lower  ME  as  %  of  DE  values  in  treatments  1  and  2  and  higher  values  in 
treatments  3  and  4  but  showed  less  response  to  amino  acid  supplementation 
(treatments  5  and  6)  than  LY  pigs.  In  many  of  these  complex  interactions 
no  specific  i nterpre tati on  can  be  made  and  no  definite  reason  advanced 
for  the  interactive  effects. 
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GENERAL  SUMMARY  AND  DISCUSSION 

Dietary  protein  level  and  balance  generally  had  an  influence  on 
feed  intake,  with  pigs  fed  the  lowest  sequence  of  dietary  protein  ex¬ 
hibiting  a  reduced  feed  intake.  Supplements  of  amino  acids  in  an 
effort  to  improve  amino  acid  balance  generally  resulted  in  an  improved 
feed  intake.  Response  usually  was  not  as  good  when  low  protein  diets 
were  supplemented  with  lysine  as  when  they  were  supplemented  with  lysine 
and  methionine  simultaneously.  Feed  intake  was  affected  less  by  dietary 
protein  level  and  balance  in  later  periods  of  growth  than  it  was  in  the 
starting  period. 

Associated  with  a  reduced  feed  intake  which  occurred  on  low  levels 
of  dietary  protein,  average  daily  gain  and  feed  conversion  efficiency 
were  affected,  especially  in  the  early  stages  of  growth.  Average  daily 
gain  was  lower  and  feed  conversion  poorer  on  the  low  protein  diet  fed  to 
pigs  in  the  starting  period.  Supplementation  of  this  low  protein  diet 
with  methionine  and  lysine  or  lysine  generally  improved  average  daily 
gain  and  feed  conversion  efficiency  but  not  to  a  level  equivalent  to  that 
of  pigs  fed  higher  levels  of  dietary  protein.  In  the  growing  and  finish¬ 
ing  periods,  however,  pigs  fed  low  levels  of  dietary  protein  in  the 
starting  period  generally  gained  faster  and  were  more  efficient  in  feed 
conversion  frequently  being  superior  in  performance  to  those  receiving 
higher  dietary  protein  levels.  This  phenomenon  could  be  termed  one  of 
compensatory  growth  in  which,  as  protein  level  or  balance  became  a  less 
important  factor  in  feed  intake  and/or  gain,  pigs  fed  low  levels  of  die¬ 
tary  protein  throughout  utilized  feed  more  efficiently  and  gained  equal 
to  or  faster  than  pigs  fed  higher  levels  of  dietary  protein  in  earlier 
periods  of  growth.  This  effect  was  less  marked  on  pigs  fed  diets  supple- 
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merited  with  methionine  and  lysine  as  those  pigs  were  more  efficient 
throughout.  Generally,  supplementation  with  lysine  alone  improved  aver¬ 
age  daily  gain  and  feed  conversion  to  a  level  equal  or  greater  than  diets 
supplemented  simultaneously  with  lysine  and  methionine. 

Dietary  treatment  affected  slaughter  age  and  several  meas  u  re  merits 
of  carcass  quality.  Slaughter  age  was  generally  increased  as  dietary 
protein  level  fell,  with  pigs  fed  the  lowest  protein  sequence  being  gen¬ 
erally  retarded  in  growth  rate  and  hence  slaughter  age.  Supplementation 
of  this  diet  with  methionine  and  lysine  or  lysine  throughout  had  variable 
effects  as  it  reduced  slaughter  age  in  Experiment  II,  but  had  no  effect 
in  Experiment  III. 

Treatment  had  little  influence  on  dressing  %,  total  backfat,  ham/ 
carcass  (%)  or  ROP  ratings.  Loin  area  was  reduced  on  the  low  protein 
diets,  as  was  lean  in  ham  face  (%) ,  carcass  length  and  grade  index,  but 
was  improved  with  methionine  and  lysine  or  lysine  supplements.  Lean  area 
ham/ham  wei gh t  was  also  generally  improved  with  amino  acid  supplementation 
of  the  diets.  Supplementation  with  lysine  was  generally  as  beneficial 
in  improving  carcass  quality  as  simultaneous  addition  of  lysine  and 
methionine . 

The  digestibility  and  retention  data  gave  little  information  that 
could  be  related  directly  to  performance  or  carcass  quality  except  that 
protein  digested  and  retained  on  a  daily  basis  was  higher  for  high  pro¬ 
tein  diets  than  for  low  protein  diets. 

Barrows  ate  more  during  the  overall  experiments  and  in  the  growing 
and  finishing  periods  than  did  gilts,  but  gilts  ate  as  much  or  more  than 
barrows  in  the  starting  period.  Barrows  gained  faster  than  gilts  except 
in  the  earlier  periods  of  growth. 

Several  carcass  differences  were  observed  between  sexes  irrespective 
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of  treatment.  Gilts  had  consistently  less  total  backfat,  greater  loin 
area  and  superior  ROP  ratings  and  grade  indexes,  although  they  tended  to 
reach  slaughter  weight  later  than  barrows.  Gilts  also  tended  to  have 
greater  ham/carcass  (%) ,  lean  in  ham  face  [%,)  and  lean  area  ham/ham 
weight  and  longer  carcasses  than  barrows;  all  of  which  measures  are  sug¬ 
gestive  of  increased  lean  compared  with  fat  in  the  carcasses. 

No  conclusive  differences  were  observed  between  breeds  in  performance 
insofar  as  feed  intake,  gain  and  feed  conversion  were  concerned.  HY  pigs 
tended  to  produce  higher  quality  carcasses  than  LY  pigs  when  total  backfat, 
carcass  length  and  grade  index  were  used  as  the  criteria  for  assessment. 
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APPENDIX  A 


Table  i.  -  Means  for  average  daily  feed  (ADF)  in  kg/day,  average  daily 
gain  (ADG)  in  kg/day  and  efficiency  of  feed  conversion  (CONY) 
in  kg/day  where  significant  interactions  occurred 


Experiments  I  and  II  combined 


Factor'*' 

ADF-Starter 

ADF-Grower 

ADG-Finisher 

ADG-Overal 1 

* 

* 

* 

* 

MEI 

1.02 

2.29 

.87 

.66 

FEI 

1.15 

2.29 

.86 

.68 

MEI  I 

1.20 

2.49 

.94 

.68 

FEII 

1 .20 

2.17 

.85 

.65 

Factor^ 

CONV-Overall 

ADF-Grower 

** 

* 

MT1 

3.38 

2.79 

MT2 

3.24 

2.59 

MT3 

3.19 

2.40 

MT4 

3.49 

1.80 

FT1 

3.09 

2.46 

FT2 

3.19 

2.34 

FT  3 

3.11 

2.24 

FT4 

3.49 

1.87 

Experiment  III 

Facto r^ 

ADG-Ove ral 1 

MT1 

* 

.65 

MT2 

.70 

MT3 

.66 

MT4 

.61 

MT5 

.65 

FT! 

.63 

FT2 

.54 

FT3 

.65 

FT4 

.55 

FT  5 

.63 

9  Experiment  (El,  Eli)  x  Sex  (M,  F) 

Treatment  (Tl,  T2,  T3,  T4)  x  Sex  (M,  F) 
Treatment  (Tl,  T2,  T3,  T4,  T5)  x  Sex  (M,  F) 


Table  i i . 


-  Means  for  carcass  data  where  significant  interactions  occurred 


Experiment  I 

Experiment  II 

Factor^ 

Factor^ 

Lean 

hair 

sq 

area  ham/ 
i  wei  ght 
cm/kq 

NR0P 

0R0P 

MT1 

MT2 

MT3 

MT4 

MT5 

FT  1 

FT2 

FT3 

FT4 

FT5 

Total 

backfat 

cm 

Loi  n 
area 
sq  cm 

Carcass 

length 

cm 

* 

14.4 

15.6 

14.8 

14.1 

16.8 

16.1 

15.6 

15.2 

15.1 

15.1 

Carcass 
wei  ght 
kg 

* 

* 

* 

** 

* 

* 

LYT1 

10.9 

29.1 

75.6 

67.4 

68.1 

77.5 

HYT1 

10.4 

28.6 

77.9 

69.8 

67.1 

76.9 

LYT2 

10.8 

29.3 

76.3 

68.1 

67.9 

77.6 

HYT2 

10.3 

27.5 

78.2 

71 .9 

67.5 

77.0 

LYT3 

10.2 

28.6 

75.8 

65.3 

68.7 

78.6 

HYT3 

9.9 

28.9 

78.5 

70.5 

68.1 

78.1 

LYT4 

12.2 

26.8 

75.9 

71  .5 

64.8 

74.8 

HYT4 

9.4 

22.6 

73.5 

61  .5 

68.7 

77.9 

LYT5 

10.5 

28.4 

74.7 

67.8 

67.6 

77.3 

HYT5 

10.3 

30.6 

76.1 

68.3 

68.6 

77.9 

LYT6 

10.4 

28.2 

74.8 

64.9 

68.8 

77.6 

HYT6 

10.3 

31.0 

77.0 

69.7 

68.9 

78.1 

Experiments  I 

and  II 

Combined 

Factor^ 

Lean  in  ham  face  {%>) 

* 

MT1 

46.6 

MT2 

49.9 

MT3 

49.0 

MT4 

47.5 

FT1 

53.8 

FT  2 

51  .3 

FT  3 

53.2 

FT4 

48.2 

1 

2 

3 


Treatment  (Tl,  T2,  T3,  T4,  T5)  x  Sex  (M,  F) 

Breed  (LY,  HY)  x  Treatment  (Tl,  T2,  T3,  T4,  T5,  T6) 
Treatment  (Tl,  T2,  T3,  T4)  x  Sex  (M,  F) 


■ 

. 

Table  i i i  . 

-  Experiment  II 

-  Means  for  metabolism  data  where 

si  gni  fi  cant 

i  nteracti  ons 

occurred  on  a  dry  matter  basis 

Factor* 

N-retention  of 

Daily  feed 

digestible  N  (%)  ME 

as  l  of  DE 

* 

* 

* 

MLY 

554 

55.9 

98.5 

MHY 

610 

72.0 

97.9 

FLY 

680 

68.9 

97.7 

FHY 

551 

63.1 

97.8 

Factor^ 

ME  as  %  of  DE 

LYT1 

97.7 

HYT1 

97.7 

LYT2 

98.1 

HYT2 

97.0 

LYT3 

97.8 

HYT3 

98.3 

LYT4 

98.4 

HYT4 

98.8 

LYT5 

98.5 

HYT5 

97.5 

LYT6 

98.3 

HYT6 

97.9 

1 

2 


Breed  (LY,  HY)  x  Sex  (M,  F) 

Breed  (LY,  HY)  x  Treatment  (Tl,  T2,  T3,  T4,  T5,  T6) 


• 

APPENDIX  B 


i  v 


Table  i.  Experiment  I 


Mean 


squares  -  feed  and  growth  data 


1 


Factor 

df 

Average  Daily 

Feed  -  ( ADF) 

Starter 

Grower 

Fini sher 

Overal 1 

Treatment  (T) 

4 

.0762** 

.7440** 

.1402 

.0914* 

Repl i cate 

1 

.0156 

.2101° 

.1514 

.0884° 

Sex  (S) 

1 

.0845 

.0031 

.1960 

.0000 

TS 

4 

.0063 

.0345 

.0315 

.0114 

Error 

9 

.0054 

.0484 

.0669 

.0218 

Total 

19 

Average  Daily  Gain  -  (ADG) 


Factor 

df 

Starter 

Grower 

Fi  ni sher 

Overal  1 

Treatment  (T) 

4 

.0556** 

.0713** 

.0066 

.0180** 

Repl i cate 

1 

.0051 

.0013 

.0022 

.0024 

Sex  (S) 

1 

.0157 

.0000 

.0048 

.0003 

TS 

4 

.0002 

.0028 

.0030 

.0021 

Error 

9 

.0021 

.0046 

.0041 

.0022 

Total 

19 

Factor 

df 

Feed  Conversion  (CONV) 

Starter 

Grower 

Finisher 

Overal  1 

Treatment  (T) 

4 

.8009° 

.1750** 

.5548** 

.0344° 

Repl i cate 

1 

.0001 

.3251** 

.3809* 

.0732* 

Sex  (S) 

1 

.0065 

.0186 

.0541 

.0396° 

TS 

4 

.2016 

.0372 

.0136 

.0192 

Error 

9 

.2407 

.0182 

.0615 

.0101 

Total 

19 

1 


See  Tables  7,  8  and  9 


V 


Table  i i . 


Experiment  II  -  Mean  squares  -  feed  and  growth  data 


1 


Factor 

df 

ADF 

STARTING  PERIOD2 

ADG 

CONV 

Treatment  (T) 

5 

.0139 

.0671** 

2.1052** 

Repl i cate 

1 

1  .4491** 

.3040** 

.2745 

Sex  (S) 

1 

.0000 

.0040 

.0075 

TS 

5 

.0039 

.0008 

.0690 

Breed  (B) 

1 

.0091 

.0091* 

.1530 

BT 

5 

.0035 

.0032 

.3361 

BS 

1 

.0000 

.0004 

.0653 

BTS 

5 

.0056 

.0010 

.0313 

Error 

23 

.0142 

.0017 

.1842 

Total 

47 

1 

2 


See  Tables  10,  11  and  12 

For  growing  and  finishing  periods,  see  page  vi 


vi 


Table  i i .  ( cont ' d) 


GROWING  AND  FINISHING  PERIODS 


Average  Daily  Feed  -  (ADF) 


Factor 

df 

Grower 

Fi  ni  sher 

Overal 1 

Treatment  (T) 

5 

.2131* 

.1144* 

.0175* 

Re p  1  i  cate 

1 

.5643** 

.1751* 

.1561** 

Sex  (S) 

1 

.8067** 

.9322** 

o 1 442** 

TS 

5 

.0523 

.0044 

.0019 

Error 

11 

.0417 

.0223 

.0037 

Total 

23 

Average 

Daily  Gain  -  (ADG) 

Factor 

df 

Grower 

Fi  nisher 

Overal  1 

Treatment  (T) 

5 

.0235** 

.0094° 

.0094** 

Repli cate 

1 

.0057° 

.0308* 

.0081** 

Sex  (S) 

1 

.0234** 

.0561** 

.0054** 

TS 

5 

.0004 

.0019 

.0002 

Error 

11 

.0017 

.0034 

.0002 

Total 

23 

Feed  Conversion  (CONV) 

Factor 

df 

Grower 

Finisher 

Overal 1 

Treatment  (T)  5 

Replicate  1 

Sex  (S)  1 

TS  5 

Error _ XI 

Total  23 


.2860** 

.0580 

.0131 

.0197 

.0131 


.1822** 

.0294 

.0011 

.0370 

.0289 


.1210** 

.0054 

.0523* 

.0113 

.0055 


• 
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Table  iii.  Experiments 
growth  data 

I  and  II 
for  the 

combined  -  Mean 
starting  period^ 

squares  - 

feed  and 

Factor 

df 

ADF 

ADG 

C0NV 

Treatment  (T) 

4 

.0569** 

.0901** 

1.9467** 

Experiment  (E) 

1 

.1476 

.0141 

.0010 

TE 

4 

.0256* 

.0028 

.1269 

Repli cate/E 

2 

.2951** 

.0642** 

.0505 

Sex  (S) 

1 

.0416* 

.0156** 

.0012 

TS 

4 

.0050 

.0015 

.0828 

ES 

1 

.0429* 

.0027 

.0063 

ETS 

4 

.0037 

.0010 

.1609 

Error 

18 

.0059 

.0012 

.1600 

Total 

39 

See  Tables  13,  14  and  15 
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Table  iv. 


Experiments  I  and  II  combined  -  Mean  squares  -  feed  and 
growth  data  for  the  growing  and  finishing  periods^ 


Factor 

df 

Average  Daily  Feed  - 

(ADF) 

Grower 

Finisher 

Overall 

Treatment  (T) 

3 

.9223** 

.2414* 

.0592** 

Experiment  (E) 

1 

.0145 

.3081 

.0882 

TE 

3 

.0392* 

.0193 

.0079 

Repl i cate/E 

2 

.3138** 

.1792* 

.0785* 

Sex  (S) 

1 

.2211* 

.6161** 

.0392 

TS 

3 

.0604 

.0169 

.0126 

ES 

1 

.1985* 

.0820 

.0512 

ETS 

3 

.0323 

.0235 

.0043 

Error 

14 

.0369 

.0506 

.0142 

total 

31 

Average  Daily  Gain  - 

( ADG) 

Factor 

df 

Grower 

Finisher 

Overall 

Treatment  (T) 

3 

.0950** 

.0107* 

.0278** 

Experiment  (E) 

1 

.0001 

.0075 

.0008 

TE 

3 

.0015 

.0072 

.0002 

Repl i cate/E 

2 

.0060 

.0106* 

.0043° 

Sex  (S) 

1 

.0061 

.0270** 

.0003 

TS 

3 

.0019 

.0016 

.0003 

ES 

1 

.0066 

.0132* 

.0058* 

ETS 

3 

.0022 

.0033 

.0007 

Error 

14 

.0029 

.0030 

.0013 

Total 

31 

Factor 

df 

Conversion  -  ( CON V) 

Grower 

Fi  nisher 

Overal 1 

Treatment  (T) 

3 

.4316** 

.6356** 

.1791** 

Experiment  (E) 

1 

.0055 

1.1628 

.1845 

TE 

3 

.0552** 

.0749 

.0469** 

Repl i cate/E 

2 

.0893** 

.2790** 

.0247** 

Sex  (S) 

1 

.0055 

.0496 

.0871** 

TS 

3 

.0241 

.0283 

.0325** 

ES 

1 

.0003 

.0242 

.0004 

ETS 

3 

.0128 

.0265 

.0009 

Error 

14 

.0063 

.0457 

.0006 

Total 

31 

1 


See  Tables  13,  14  and  15 
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Table  v.  Experiment  III  -  Mean  squares  -  feed  and  growth  data 


Factor 

df 

Average  Daily 

Feed  -  ( ADF) 

Starter 

Grower 

Fi  ni sher 

Overal  1 

Treatment  (T) 

4 

.1231 

.1970 

.6191 

.2335 

Repl i cate 

1 

.0168 

.0116 

.4796 

.1188 

Error 

4 

.0489 

.0917 

.2844 

.0590 

Total 

9 

Factor 

df 

Average  Daily  Gain  -  (ADG) 

Starter 

Grower 

Fi  ni  sher 

Overal  1 

Treatment  (T) 

4 

.0669 

.2050* 

.0174 

.0177* 

Repl  i  cate 

1 

.0146 

.0938 

.0266 

.0162° 

Sex  (S) 

1 

.0058 

.0684 

.2761** 

.0806** 

TS 

4 

.0448 

.0695 

.0231 

,0171* 

Error 

9 

.0457 

.0492 

.0105 

.0046 

19 

Feed  Conversion 

-  ( CONV) 

Factor 

df 

Starter 

Grower 

Fi  nisher 

Overal 1 

Treatment  (T) 

4 

.0267 

.5456 

,1621 

.0548 

Repl  i  cate 

1 

.0023 

.4000 

.0397 

.0212 

Error 

4 

9 

.0207 

.5974 

.1206 

.0359 

1 


See  Tables  16,  17  and  1 8 
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Table  viii.  Experiments  I  and  II  combined  -  Mean  squares  -  slaughter  age  and  carcass  data 
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XI  1  1 


+-> 

c 

cu 

E 

•i— 

i- 

a> 

o. 

x 

UJ 


X 


CL) 

-Q 
id 
I — 


•X 

^D^OOlO 

o  n 

ai  x 

LO  -M-  CO  CO  LO 

■a  cu 

^  ro  n  co 

<T3  "O 

•  •  •  • 

• 

S-  c 

r-COCOr-Lf) 

CD  *i — 

4-> 

* 

* 

1 —  rd 

CT)  r—  CM  r—  f— 

(d  <+- 

CO  co  00  LO  LO 

+-> 

CO  O  CM  r—  CO 

o  o 

1 — ■  rd 

O  O  CO  o  C 

•  •  •  • 

5 

• 

-O 

<5^ 

CD 

* 

C 

O  O  O  LO  f" 

•I - 

CM  CM  o  00 

00 

'd*  CM  LO  LO  t 

00 

CM  OO  O  CM  r'' 

a> 

•  •  •  • 

S- 

r—  CO 

Q 

00 

o 

L0  +-> 

o  o  o  o  o 

<T3  _C 

lo  o  o  lo  a 

cu  cn 

S-  -r- 

o  cm  o  CM 

<d  <u 

LO  LO  CM  CT) 

O  S 

CU 

cn 

fd 

7' 

1^-  LO  LO  CM  1 — 

aj 

LO  o  CM  CO  CO 

+-> 

•  •  •  •  « 

0^-1 —  ' —  r— 

cn 

■d"  N  Ln  cm  CO 

o 

1 —  1 —  LO  1 — 

rd 

OO 

<+- 

r—  i—  CT) 

CD 

~a 

r— 

S- 

+->  CL! 

C  4-> 

aj  fd-— > 

E  CU  LO 

o 

4->  •  ( —  ^ ^  C- 

4-> 

rd  i —  o 

CU 

CU  Cl  X 

fd 

CU  CU  LO  S- 

u_ 

1 —  DC  LO  1 — ■  LlJ 

C\J 

CM 


CL) 


jQ 

fd 


CL) 

CL) 

co 


Table  x.  Experiment  II  -  Mean  squares  -  metabolism  data  for  protein  digestibility  and  N-retention 
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